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In 2018, Minneapolis, Minnesota began phased implementation of an ordinance to 
increase the local minimum wage to $15/hour. We used data from the Wages Study (a 
prospective cohort study of 974 low-wage workers followed throughout the phased 
implementation of the ordinance [2018-2022]) to determine whether the first phase of 
implementation was associated with changes in nutritional outcomes.  
Using the first two waves of Wages data, our primary aim was to determine whether the 
first phase of implementation was associated with changes in frequency of consumption of fruits 
and vegetables, whole grain-rich foods, and foods high in added sugars among low-wage 
workers. We used difference-in-difference analysis to compare outcomes among workers in 
Minneapolis to those in a comparison city (Raleigh, North Carolina). We assessed wages using 
participants’ pay stubs and diet using the National Cancer Institute Dietary Screener 
Questionnaire. We found that the first phase of implementation of the policy was associated with 
increased wages, but not with changes in dietary intake. 
Our secondary aim was to use Wages data to examine whether changes in hourly wages 
were associated with changes in food security and perceived stress after the first year of 
implementation of the policy. Additionally, we examined whether changes in food security and 




found significant changes in the frequency of fruit and vegetable intake across time by levels of 
stress. 
Our third aim was use qualitative data from a Wages sub-study to understand why, after 
one year of policy implementation, our results were null for our two previous quantitative 
analyses. We found that, despite wages increasing, it is likely that nutritional outcomes did not 
improve because participants are still struggling to feed their families and meet other basic 
needs.  
In conclusion, the first phase of implementation of the Minneapolis minimum wage 
ordinance was associated with increased wages, but not with changes in dietary intake, food 
security, or perceived stress. It may be that more time and a higher “dose” of a wage increase are 
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CHAPTER 1: ASSOCIATION BETWEEN INCREASES IN HOURLY WAGES AND 
DIETARY INTAKE AFTER THE FIRST PHASE OF IMPLEMENTATION OF A 
POLICY-MANDATED MINIMUM WAGE INCREASE. 
Introduction 
Disparities in dietary intake between various segments of the population have become a 
major focus of public health research, practice, and policy in the United States. For example, on 
average, low-income Americans have lower intakes of fruits and vegetables (F&V) and lower 
quality diets than higher income Americans.1,2 A number of factors may contribute to these 
disparities in dietary intake, including high costs of healthier foods.3-5 A 2016 study from the 
United States (U.S.) Department of Agriculture indicated that based on a 2,000 calorie diet, it 
costs between $2.10 to $2.60 per person per day to satisfy the U.S. Dietary Guidelines for 
Americans fruit and vegetable (F&V) recommendations.6 For a family of four, this equates up to 
$72.80 per week on F&V, which may exceed what some families can afford to spend. Thus, 
policies that increase lower income Americans’ hourly wage, such as minimum wage ordinances, 
may increase household income7 and thus, the ability to purchase healthier and more costly foods 
such as F&V (Figure 1.1).  
Many policies and assistance programs in the U.S. aim to increase purchasing power for 
lower income Americans, such as Temporary Assistance for Needy Families (TANF), Earned 
Income Tax Credits, the Supplemental Food and Nutrition Assistance Program (SNAP), and the 
Special Supplemental Nutrition Program for Women, Infants, and Children (WIC). Some of 




mandated minimum wage increases are also designed to increase purchasing power for lower 
income Americans, although it is unclear if the additional income from this policy would go 
towards food purchases, let alone healthier food purchases such as F&V.  
Previously conducted economic analyses have examined how changes in income impact 
food-purchasing behaviors, as well as household purchasing decisions around clothing, housing, 
and other goods and services. A 2003 study conducted by the U.S. Department of Agriculture 
Economic Research Services of 114 low-, middle-, and high-income countries found that 
changes in income led to smaller responses in demand for food and clothing consumption 
categories, and larger responses for rent, medical care, and luxury items such as recreation.8 The 
study also found that staple foods such as breads and cereals, fats and oils, and F&V have 
smaller demand responses to income changes than higher-valued food items, such as meat, fish, 
and dairy.8 Similarly, in a 2011 study, Okrent and Alston used two sets of time-series data 
(aggregated CEX data from the Bureau of Labor Statistics and Personal Consumption 
Expenditures from the U.S. Department of Commerce’s Bureau of Economic Analysis) to 
estimate the expenditure elasticities of demand (a measure of the responsiveness of an 
expenditure on a good due to a change in real income) for nine retail food products: cereals and 
bakery, meat, eggs, dairy products, F&V, other foods, alcoholic beverages, non-alcoholic 
beverages, and foods consumed away from home.9 The authors found that all of the food 
expenditure elasticities were less than one (ranging from 0.28 to 0.97); hence the demand for 
these goods was relatively static even when income changed.9 Thus, it is possible that increases 
in income resulting from a minimum wage ordinance might not be used towards food purchases, 




higher cost of healthier foods is a barrier to healthier food intake,3-5 so additional examination of 
this topic is warranted. 
From our review of the health literature, three cross-sectional studies have examined 
associations between minimum wage increases and F&V consumption, but results form these 
studies have been mixed.10-12 A 2017 repeated cross-sectional study by Horn et al. analyzed data 
from the 1993 to 2014 Behavioral Risk Factor Surveillance Survey (BRFSS).10 The authors 
found no association between minimum wage increases and the daily number of F&V consumed 
in lesser-skilled female workers, and found an inverse association among lesser-skilled male 
workers.10 Similarly, a 2018 repeated cross-sectional study by Andreyeva & Ukert analyzed 
BRFSS data from 1993 to 2015 and found that a one-dollar wage increase was associated with a 
0.17 percent reduction in F&V consumption.11 Lastly, a 2020 study by Clark et al. used repeated 
cross sections of BRFSS merged with monthly U.S. minimum wages and F&V prices for the 
years 1990 to 2017.12 The authors estimated a statistically significant elasticity of 0.11 to 0.12 for 
individuals whose income made it likely that they were affected by minimum wage changes, and 
these elasticities corresponded to an increase of approximately 0.08 daily F&V servings when 
the minimum wage increased by one dollar (evaluated at the respective sample means).12 
However, all three of these cross-sectional studies used proxy measures such as education status 
and household income to approximate the likelihood of being affected by minimum wage 
increases. A longitudinal study that follows groups exposed, and unexposed, to a legislated 
minimum wage increase, and collects individual measures of hourly wage and dietary intake 
would greatly enhance the ability to draw causal inference from observational data when 




In June 2017, Minneapolis, Minnesota, passed an ordinance that would incrementally 
increase the minimum wage above the state level from $9.50 per hour to $15.00 per hour for all 
businesses with greater than 100 employees, and from $7.75 per hour to $13.50 per hour in 
smaller businesses.13 The incremental annual wage increase must be fully implemented by July 
1st, 2022 for large businesses and two years later for small businesses (Figure 1.1).13 Income is 
difficult to manipulate in research studies (logistically and ethically), so this ordinance presented 
a rare opportunity to conduct a natural experiment to prospectively evaluate various health and 
economic impacts of the Minneapolis ordinance.  
In January 2018, the Wages Study began following a cohort of 974 low-wage workers 
(those earning ≤$11.50 an hour at baseline) in Minneapolis (n=495) and low-wage workers in a 
comparison city with no minimum wage increase (Raleigh, North Carolina, n=479) throughout 
4.5-years of implementation of the Minneapolis minimum wage ordinance (January 1, 2018-July 
1, 2022). The primary aim of the Wages Study is to test the effect of the Minneapolis minimum 
wage ordinance on change in body mass index (BMI) over the study period. Secondary outcomes 
of the Wages study include exploring changes in nutrition-related factors, changes in the use of 
government food assistance programs, and changes in various psychosocial mediators.  
Participants who enrolled in the study agreed to have their height and weight measured, complete 
a web-based survey (which included a dietary screener questionnaire), and verify their wages 
with a paystub. Data were collected in the spring and summer of 2018 (baseline, hereon referred 
to as Wave 1) and during the summer and fall of 2019 (Wave 2). Data will be collected again in 
the summers of 2020 (Wave 3), 2021 (Wave 4), and 2022 (Wave 5). 
The primary aim of the present study is to perform secondary data analysis using the first 




increased to $12.25 per hour for large businesses and $11.00 per hour for small businesses) to 
determine the association between an area-level wage increase and frequency of consumption of 
F&V over a 1-year study period among low-wage workers in Minneapolis, Minnesota, compared 
to workers in a control city (Raleigh, North Carolina). The present study only uses the first two 
waves of Wages data because Waves 3, 4, and 5 data collection have not yet occurred; however, 
analyses will be re-run at the study’s midpoint and conclusion. As a secondary aim, this study 
will also determine the association between a wage increase and frequency of consumption of 
two additional food groups: whole grain-rich foods (in which a food’s first ingredient is a whole 
grain) and foods high in added sugars (>5 grams of sugar per serving). These food groups were 
selected as secondary outcomes because they are associated with both weight gain and chronic 
disease risk in previously conducted scientific literature, and they were feasible for the research 
team to create based on the dietary data we collected (see additional discussion in the Methods: 
Dietary Assessment section). Analyzing this longitudinal data from the Wages Study will help 
address the current gap in the literature regarding the relationship between minimum wage 
increases and changes in dietary intake. This analysis will also shed light on any initial dietary 
impacts of the Minneapolis minimum wage ordinance (given that the ordinance will not be fully 
implemented until 2022), and will inform subsequent dietary analyses at the study’s midpoint 
and at the study’s conclusion.  
Methods 
Study Population 
This study uses the first two waves of longitudinal data from the currently ongoing 
Wages Study. The Wages Study enrolled 495 low-wage workers in Minneapolis, Minnesota, and 
in 479 low-wage workers from Raleigh, North Carolina (the comparison city) in March 2018. 




foreign-born residents, employment rates, costs of living, persons living in poverty, and obesity 
rates in comparison to Minneapolis (Figure 1.2). Additionally, North Carolina’s preemption law 
prohibits local municipalities from setting higher minimum wages than the state’s minimum 
wage of $7.25 per hour.14 This ensured that Raleigh could remain as a control site over the 4.5 
years of the minimum wage implementation in Minneapolis; it was extremely unlikely that 
Raleigh would pass its own minimum wage ordinance and thus cross-over into the study’s 
treatment condition. Lastly, data from BRFSS SMART supported the parallel trends assumption 
between the two cities; current trends in BMI between the two cities did not differ meaningfully 
among residents with income less than $35,000.  
Study inclusion criteria for enrollment included: 1) being 20 years old or older (because 
minimum wage rates are different for younger employees); 2) working at least 20 hours a week 
at a wage of less than or equal to $11.50/hour (in any one or more jobs), or those who were 
unemployed but had worked within this hourly rate range in the last six months and were 
currently looking for work in Minneapolis or Raleigh; 3) planning to serve in the workforce for 
at least 5 years; 4) having an address and phone number where they can receive mail and phone 
calls; and 5) speaking English or Spanish well enough to complete measures. Reasons for study 
exclusion included being a student, being a local, state, or federal worker (as some of these 
workers, such as state-employed natural resource managers, are exempt from the state minimum 
wage under Minnesota Statute Section 177.23 (the state minimum wage law) are therefore also 
exempt from the Minneapolis minimum wage)15, or planning to move more than 100 miles away 
in the next 5 years.  
This study described in this manuscript uses the first two waves of longitudinal data from 




at Waves 1 and 2 were available for the study’s first set of analyses (Figure 1.3), and 540 Wages 
participants were available for the second set of analyses (Figure 1.4). The study was approved 
by the institutional review boards of the University of Minnesota and the University of North 
Carolina at Chapel Hill, and participants gave written informed consent to participate.  
Hourly Wage Assessment 
Wages participants attend one data collection appointment each year in which wages are 
verified, height and weight measurements are obtained, and a computer survey is administered. 
Participants are asked to bring a recent pay stub or other verification document from their 
primary employer in order to verify their hourly wage at the annual data collection appointment. 
If participants do not bring a pay stub to the appointment, they are encouraged to bring one back 
to the data collection center, mail a pay stub to the study site, or send a text message or e-mail a 
copy of their pay stubs or other verification documents to the study site. At Wave 1, 75.67% of 
participants verified their hourly wage. At Wave 2, 81.37% of participants at Wave 2 verified 
their hourly wage. All other participants self-reported their hourly wage.  
At Wave 2, three participants changed employers and no longer had a set hourly wage 
because they received an annual salary. To estimate an hourly wage for these participants, we 
multiplied the participants’ usual number of hours worked during a week by 52 to estimate the 
usual number of hours worked per year. We then divided their salary by this number.  
Dietary Assessment 
To assess dietary intake, the computer-administered survey included 22 questions from 
the 26-item National Cancer Institute’s (NCI) Dietary Screener Questionnaire (DSQ).16 This 
validated survey17 asks participants about the frequency of consumption of selected foods and 
drinks over the past month. The DSQ captures intakes of fruits and vegetables, dairy/calcium, 




of the different foods are: “Never,” “1 time last month,” “2-3 times last month,” “1 time per 
week,” “2 times per week,” “3-4 times per week,” “5-6 times per week,” “1 time per day,” “2-3 
times per day,” “4-5 times per day,” and “6 or more times per day.” 
The primary investigators for the Wages research team excluded four DSQ items from 
the computer survey (frequency of consumption of milk, cheese, red meat, and processed meat). 
Frequency of intake of these specific items was not of primary interest to the research team, and 
the research team wanted to keep only the most relevant questions in the computer survey to 
minimize participant survey fatigue. 
For the current analysis, we used the DSQ frequency data to estimate participants’ daily 
frequency of intake of three different food groups to be used as the study’s dependent variables: 
F&V (the study’s primary outcome variable), whole grain-rich foods (in which the first 
ingredient is a whole grain), and foods high in added sugars (>5 grams of sugar per serving). 
These food groups were created because all three groups are associated with weight gain (a 
lower risk of weight gain for F&V18 and whole grain-rich foods19 and a higher risk of weight 
gain for foods high in added sugars20,21) and chronic disease risk (a reduced risk for F&V22 and 
whole grain-rich foods23 and an increased risk for foods high in added sugars24) in previously 
conducted scientific literature. They were also feasible for the research team to create based on 
the DSQ data that we collected. The five-gram cutoff was chosen for the foods high in added 
sugars food group because the Daily Value (DV) of added sugars is 50 grams per day based on a 
2,000 kilocalorie per day diet,25 and the Food and Drug Administration considers a food to be a 
“good” source of a nutrient if it contains 10-19% of the DV.26 Thus, we designated a food as 




To create the food group dependent variables, the research team first classified all foods 
from the DSQ into the three food groups. Foods could contribute to more than one food group 
(for example, Honey Nut Cheerios contributed to both the foods high in added sugars food group 
and the whole grain-rich foods food group). We next converted participants’ responses to the 
DSQ into daily frequencies for each food (for example, if a participant responded that he/she 
consumed popcorn “2-3 times last month,” we divided 2.5 by 30 and assigned that participant a 
value of 0.083 for their popcorn consumption variable). Finally, we created three new variables 
for each participant in the data set. The first variable was the sum of the daily frequencies for all 
F&V foods, the second variable was the sum of the daily frequencies for all whole grain-rich 
foods, and the third was the sum of the daily frequencies for all foods high in added sugars. 
These were the three dependent variables used in this study’s analyses. 
Daily frequency of F&V intake was selected as the primary outcome variable for several 
reasons. First, previous literature examining associations between minimum wage ordinances 
and dietary intake have used F&V consumption as a primary outcome; 10-12 thus, to stay 
consistent with previously conducted scientific literature, the research team also selected F&V 
consumption as our primary outcome. Additionally, F&V are among the most expensive foods 
for purchase at retail outlets.27 If low-wage workers are receiving more money from a minimum 
wage ordinance, F&V intake may be more likely to change than intake of other less expensive 
food groups.   
Covariate Assessment 
 We collected data on demographic, economic, and health-related factors including age 
(continuous), sex (male, female, non-binary), race (white alone, black or African American 
alone, Asian alone, Native Hawaiian or Pacific Islander alone, Native American or Alaskan 




Hispanic/Latino), marital status (married or single), birthplace (born in the U.S., born abroad to 
American parents, or born abroad), whether or not a participant was a food service worker (as 
food service employees are often provided meals on the job,(25) which may impact their dietary 
intake), educational attainment (less than high school, some high school, high school diploma, 
associate/technical degree, some college, or Bachelor’s degree or higher), number of adults 
living in the household (one, two, three, four, or five or more), number of children living in the 
household (one, two, three, four, or five or more), pregnancy status (pregnant, not pregnant), 
smoking status (current smoker, quit less than 12 months ago, quit more than 12 months ago, or 
never smoker), health insurance status (insured all year [any type of health insurance], uninsured 
for at least part of the year, or uninsured all year), BMI (continuous), the timing (in weeks) of the 
participant’s data collection appointment relative to the minimum wage increase, number of jobs 
worked (one job worked or more than one job worked), and the amount received in 
Supplemental Food and Nutrition Assistance Program (SNAP) benefits (I do not receive any 
SNAP benefits, $1 - $25, $26 - $50, $51 - $75, $76 - $100, $101 - $150, $151 - $250, $251 - 
$500, $501 - $750, more than $750). 
The research team also collected information on potential area-level covariates from the 
Bureau of Labor Statistics, U.S. Census Bureau, Center for Disease Control and Prevention, and 
the Council for Community and Economic Research. The covariates included: 2018 and 2019 
state Temporary Assistance for Needy Families (TANF) enrollment (percent of total 
recipients),28,29 2018 and 2019 state SNAP enrollment (percent of total recipients),30 2018 and 
2019 state unemployment rate (annual average),31,32 and each city’s Cost of Living Index for 
2018 and 2019.33 The Cost of Living Index, compiled by the Council for Community and 




It is based on more than 90,000 prices covering 60 different items for which prices are collected 
quarterly by chambers of commerce, economic development organizations, and university 
applied economic centers in each participating urban area.33 The composite index is based on six 
categories: housing, utilities, grocery items, transportation, health care, and miscellaneous goods 
and services.33 
Statistical Analysis 
The research team performed two sets of difference-in-difference (DID) analyses to 
address the present study’s aims. The first DID analysis examined whether living in a city with a 
mandated minimum wage increase was associated with changes in daily frequency of F&V 
consumption (model one), whole grain-rich foods (model two), and foods high in added sugars 
(model three). This analysis categorized participants by city of residence (0=Raleigh, 
1=Minneapolis) when assessing the exposure in the DID models. We term these the “policy” 
analyses. The second analysis examined whether changes in individual hourly wage were 
associated with changes in daily frequency of fruit and vegetable consumption (model four), 
whole grain-rich foods (model five), and foods high in added sugars (model six). This analysis 
used Wages participants’ hourly wage as the exposure variable in the DID models. We term 
these the “hourly wage” analyses.  
The research team chose to conduct two sets of DID analyses for several reasons. First, 
the policy analysis examines the association between the change in policy and the change in 
outcome, acknowledging that some Wages participants in Minneapolis may not experience a 
wage increase from Wave 1 to Wave 2 (due to the possibility that some businesses may not be 
compliant in implementing the minimum wage ordinance, or due to the possibility that wage 
changes may not be linear and positive over time among low-wage workers, particularly if job 




impact of the ordinance under “real-world” conditions of adherence. Additionally, participants in 
Raleigh may also experience wage increases (due to job promotions, raises, etc.). Lastly, it 
accounts for any impact of simply living in an area with a mandated wage increase on dietary 
outcomes (e.g. changing attitudes, beliefs, and norms).34 However, the research team also wanted 
to run models in which participants’ individual hourly wage served as the primary predictor 
variable. This would allow the research team to examine the association between participants’ 
actual hourly wage and dietary outcomes. This is important, to test whether increasing hourly 
wage is the key mechanism by which a minimum wage ordinance may increase household 
income and therefore improve dietary intake. 
Prior to conducting these DID analyses, the research team examined the parallel trends 
assumption using BRFSS SMART data (Figure 1.5) to determine whether trends in dietary 
intake meaningfully differed between the two cities before the passage of the Minneapolis 
minimum wage ordinance. We found that current trends in dietary intake between the two cities 
did not differ meaningfully when comparing data from residents with incomes less than $35,000 
per year from 2005-2015. Thus, if we saw a divergence in trends in dietary intake in our study 
sample between Waves 1 and 2, we could assume that the difference was not due to city-specific 
secular changes that were present before the minimum wage increase. 
Analysis 1- Policy Analysis 
The first analytic approach assessed whether living in a city with a policy-mandated 
minimum wage increase was associated with changes in daily frequency of consumption of the 
three food groups. This approach used DID regressions, in which there were two time periods 
(pre versus post-policy) and two groups (treatment versus control groups).35 The Wave 1 Wages 
data were designated as the pre-policy period, while Wave 2 served as the post-policy period. 




the Raleigh participants. A product term for these two variables provided the DID estimate (city 
* time period).  
Three DID models were run. The first model examined whether living in a city with a 
policy-mandated minimum wage increase was associated with changes in daily frequency of 
consumption of fruits and vegetables. The second and third DID models examined the policy’s 
association with changes in daily frequency of consumption of whole grain-rich foods and foods 
high in added sugars, respectively. The research team adjusted for relevant individual-level 
covariates in all models including: age, gender, race, ethnicity, marital status, birthplace, whether 
or not a participant was a food service worker, educational attainment, number of adults living in 
the household, number of children living in the household, pregnancy status, smoking status, 
health insurance status, BMI, the timing (in weeks) of the participant’s data collection 
appointment relative to the minimum wage increase, and number of jobs worked. We also 
considered adjusting for the amount received in SNAP benefits ($0, $1-25, $26-50, $51-75, $76-
100, $101-150, $151-250, $251-500, $501-750, or more than $750) because SNAP benefits track 
with income, and some loss of SNAP benefits was expected at Wave 2. However, we left this 
covariate out of the model because we believed it was actually a mediator; as hourly wage and 
income increase, the amount received in SNAP benefits could decrease, which would likely 
affect food purchases and dietary intake in the opposite direction as we hypothesized. An in-
depth discussion of how SNAP benefits fit in to our analyses and results is provided in the 
Discussion section.  
The research team attempted to adjust for several area-level covariates, including state 
TANF enrollment (percent of total recipients), state SNAP enrollment (percent of total 




(a continuous index variable). However, these area-level variables were dropped from the models 
due to collinearity, most likely because these variables changed so little between Wave 1 and 
Wave 2 that the city-level indicator perfectly predicted the variables.  
The DID models were estimated using negative binomial regression, as the outcomes 
were overdispersed count data (in which the unconditional means of the outcome variables were 
lower than their associated variances). Additionally, likelihood ratio tests that the dispersion 
parameter was equal to zero revealed that negative binomial models were a better fit than 
Poisson models.36-38 Data were analyzed with longitudinal regression analysis (generalized 
estimating equations [GEE] with clustering by the individual), using the Huber/White/sandwich 
estimator of variance and an autoregressive correlation matrix in order to adjust for the within‐
subject correlation. An autoregressive correlation matrix was specified because of the research 
team’s content knowledge of the data; it was assumed that measures within the Wages data set 
that were closer together in time to one another were more similar than measures that were 
farther apart.39 Sensitivity analyses were performed, and results did not change when alternative 
correlation matrices were specified. All analyses were conducted in Stata/IC (version 16.0, 2019, 
StataCorp LLC, College Station, Texas). 
Analysis 2- Hourly Wage Analysis 
The second analytic approach for the study’s primary analyses determined whether 
changes in hourly wage were associated with changes in daily frequency of consumption of fruits 
and vegetables. Two additional models examined whether changes in hourly wage were 
associated with changes in consumption of whole grain-rich foods and foods high in added 
sugars. For this hourly wage analysis, continuous DID models were specified. Continuous DID 
models are similar to conventional DID models except that exposure to the policy is 




than a binary variable that categorizes individuals as simply exposed or unexposed to the policy. 
In our continuous DID models, Wages participants’ hourly wages were used to calculate the DID 
indicator. A product term (hourly wage * time period) was again used to provide the DID 
estimate.  
Similar to the policy analysis models, the hourly wage models were estimated using 
negative binomial regression and GEE with clustering by the individual, using the 
Huber/White/sandwich estimator of variance and an autoregressive correlation matrix to adjust 
for the within‐subject correlation. The researchers adjusted for the same covariates as done in the 
first set of analyses. All analyses were conducted in Stata/IC (version 16.0, 2019, StataCorp 
LLC, College Station, Texas). 
The research team considered using weekly wage (hourly wage * usual number of hours 
worked per week) instead of hourly wage in the “hourly wage” analyses DID models to account 
for the possibility that a policy-mandated minimum wage increase may cause employers or 
participants to change the number of hours worked each week.40 For example, employers may 
reduce the number of hours their employees work to prevent increases in their company’s labor 
costs.40 Additionally, participants may reduce their weekly hours at work because they can bring 
home the same amount of money each week, but by working fewer hours. Alternatively, 
participants may be motivated by the wage increase, and may therefore take on more hours each 
week to bring home additional money. Ultimately, the research team decided to use the actual 
hourly wage variable for each participant because we wanted to use the variable that the policy is 
directly impacting in our models. However, weekly hours worked could be an important 
outcome of the policy, so we present average hours worked per week in Tables 1.6 and 1.7 for 




number of jobs worked and participant job type breakdown. Additionally, we performed 
sensitivity analyses and re-estimated our DID models using weekly wage instead of hourly wage. 
Sensitivity Analyses 
Given the study’s high attrition rate and thus the possibility of selection bias and biased 
parameter estimates,41 we examined differential attrition by baseline measures of age, sex, race, 
ethnicity, educational attainment, and SNAP usage among those who returned for a Wave 2 
appointment (n=655) versus those who did not (n=319) using t-tests and chi-square tests (Tables 
1.3 and 1.4). We also conducted sensitivity analyses for both the “policy” analyses and the 
“hourly wage” analyses using inverse probability-of-censoring weights (IPCW). IPCW inversely 
weights regression analyses by the probability of participation (determined based on a logistic 
regression model for probability of participation given past history covariates and outcomes).42-45 
This effectively inflates the impact of underrepresented subjects, so we can observe associations 
that would have been observed if all subjects had stayed in the Wages study at Wave 2 
(assuming the models are correctly specified).42-45 
To perform IPCW, we first fit a logistic regression model to estimate the probability of 
not returning at Wave 2 based on baseline characteristics of age, sex, race, ethnicity, educational 
attainment, birthplace, marital status, number of children living in the household, SNAP usage, 
hourly wage, job type, and whether the participant lived in Minneapolis or Raleigh. We then 
used weights derived from this model to re-estimate the six DID regression models and the 
associations that would have been observed if all subjects from Wave 1 had remained in the 
study at Wave 2. The six weighted DID models used 1/P as weights. All covariates used in the 





In the event that results were not as hypothesized and a minimum wage policy change 
was not associated with changes in dietary intake between the cities, the research team decided to 
conduct follow-up analyses to understand why. We hypothesized that if results were null, 
perhaps the first phase of change in minimum wage policy did not translate to higher hourly 
wages or higher household income between the two cities (Figure 1.1). We therefore decided to 
examine the following follow-up research questions: RQ1) on average, did the hourly wage 
significantly change between the cities from Wave 1 to Wave 2?; RQ2) were changes in hourly 
wage associated with changes in household income?; RQ3) on average, did household income 
categories significantly change between the cities from Wave 1 to Wave 2?; RQ4) was the policy 
associated with changes in hourly wage between the cities from Wave 1 to Wave 2?; and RQ5) 
was the policy associated with changes in household income categories between the cities from 
Wave 1 to Wave 2?  
To address follow-up RQ1, the research team performed data tabulations to examine the 
average wages and change in wages among Raleigh and Minneapolis participants at Waves 1 and 
2. Additionally, we estimated unadjusted DID regressions, in which there were two time periods 
(pre versus post-policy) and two groups (treatment versus control groups).  Consistent with the 
primary analyses, the Wave 1 Wages data was designated as the pre-policy period, while Wave 2 
served as the post-policy period. The treatment group consisted of the Minneapolis participants 
and the control group contained the Raleigh participants. A product term for these two variables 
provided the DID estimate (city * time). Data was analyzed with longitudinal regression analysis 
(GEE with clustering by the individual), using Huber/White/sandwich estimator of variance and 




Given that household income was an ordinal variable in our data set, the research team 
addressed RQ2 by estimating a multinomial logistic regression model. A multinomial logistic 
regression model was estimated rather than an ordinal logistic regression model because the 
proportional odds assumption was tested and violated; it was therefore not valid to estimate a 
cumulative odds ratio. Standard errors were clustered at the level of the individual.  
Again, because household income was an ordinal variable, the research team addressed 
RQ3 by estimating a DID ordinal logistic regression model with standard errors clustered at the 
level of the individual. The same DID product term was used as described in RQ1. The 
proportional odds assumption was tested and held. The research team also re-estimated the DID 
models using GEE to check for robustness of results. Similar results were obtained using GEE as 
ordinal logistic regression for RQ3.  
The same DID model from RQ1 was used for RQ4; however, the following covariates 
were added to the model: race, sex, age, education level, job classification, and the number of job 
trainings completed during the past 12 months. These covariates were selected because they are 
associated with both hourly wages and living in a particular area in existing economic 
literature.46,47 The research team also attempted to account for the city’s cost of living index. 
However, this area-level covariate was dropped from the model due to collinearity, most likely 
because this variable changed so little between Wave 1 and Wave 2 that the city-level indicator 
perfectly predicted the variable.  
To address RQ5, the research team estimated a multinomial logistic DID regression 
model because the proportional odds assumption was again violated. Standard errors were 
clustered at the level of the individual. The following covariates were included in the model: 




classification, the number of job trainings completing during the last 12 months, and the city’s 
cost of living index.46,47 However, this area-level covariate was again dropped from the model 
due to collinearity. All follow-up analyses were conducted in Stata/IC (version 16.0, 2019, 
StataCorp LLC, College Station, Texas). 
Results 
At Wave 2, 655 out of 974 Wages participants (67.25 percent) returned for a follow-up 
appointment (attrition rate of 32.75 percent). For the study’s “policy” analyses, we used Wages 
data from Waves 1 and 2 (n=655), but excluded participants who double enrolled in the Wages 
study (n=1), made more than $11.50 per hour at baseline and therefore did not meet the study’s 
inclusion criteria for enrollment (n=18), and were missing more than one response on the DSQ at 
either Waves 1 or 2 (n=33). After exclusions, data from 603 Wages participants were available 
for the study’s “policy” analyses (Figure 1.4). For the “hourly wage” analyses, we excluded 
participants who double enrolled in the Wages study (n=1) and made more than $11.50 per hour 
at baseline (n=18). We also excluded participants who had retired at Wave 2 (n=3) and therefore 
had no hourly wage, and participants who were unemployed and could not provide a pay stub or 
self-report hourly wage from their most recent job in the past six months (n=33). Additionally, 
we excluded participants who were missing more than one response on the DSQ (n=33) and 
those who were missing hourly wage information (n=27). After exclusions, data from 540 Wages 
participants were available for analyses (Figure 1.5). 
Baseline demographic information for participants included in both sets of this study’s 
analyses is presented in Table 1.1. In Minneapolis, approximately one third of participants fell 
into the 50-59 age category; otherwise, age was distributed relatively evenly across the 
remainder of the sample. Sex was also distributed relatively evenly across the sample of 




Hispanic/Latino, and had received at least a high school diploma or higher. Among the Raleigh 
participants, most participants were under 40 years of age, female, and black or African 
American and non-Hispanic/Latino. Similar to the Minneapolis sample, the majority had 
received at least a high school diploma or higher. The average wage at Wave 1 was $10.32 per 
hour in Minneapolis and $9.36 per hour in Raleigh. The average number of weekly hours worked 
at Wave 1 was 25.77 hours per week in Minneapolis and 32.52 hours per week in Raleigh. 
Analysis 1- Policy Results 
Table 1.2 displays descriptive statistics on various economic indicators for participants 
included in the “policy” analyses. On average across the sites, the most common job type among 
participants included in the “policy” analyses was “Food Preparation and Serving” (18.74% at 
Wave 1 and 20.40% at Wave 2, Table 1.2). The distribution of the different job types remained 
relatively constant between Waves 1 and 2, except for Transportation and Material Moving 
occupations, which decreased from 11.44% at Wave 1 to 4.48% at Wave 2 (Table 1.2). For both 
sites, the average number of hours worked each week increased from Wave 1 to Wave 2. In 
Minneapolis, participants worked an average 25.77 hours per week at Wave 1 and 28.83 at Wave 
2 (Table 1.2). In Raleigh, average weekly hours worked was 32.52 at Wave 1 and 35.64 at Wave 
2 (Table 1.2). For both sites, the percent of participants who worked more than one job decreased 
from Wave 1 to Wave 2 (12.73% to 7.12% in Minneapolis, and 12.20% to 7.14% in Raleigh, 
Table 1.2). 
Table 1.3 displays average daily frequencies of consumption for each food group by city 
for each wave. On average, participants in Minneapolis consumed fruits and vegetables 3.28 
times per day at Wave 1 and 3.10 times per day at Wave 2. In Raleigh, participants on average 
consumed fruits and vegetables 3.30 times per day at Wave 1 and 3.17 times per day at Wave 2. 




0.98 times per day at Wave 2 among Minneapolis participants. For Raleigh participants, average 
daily consumption of whole grain-rich foods was 0.90 times per day at Wave 1 and 0.74 times 
per day at Wave 2. Lastly, for food high in added sugars, average daily consumption for 
Minneapolis participants was 3.11 times per day at Wave 1 and decreased to 2.68 times per day 
at Wave 2. Among Raleigh participants, average daily consumption was 3.27 times per day at 
Wave 1 and decreased to 2.93 times per day at Wave 2.  
Table 1.4 displays results from the multivariable DID longitudinal regression analyses. 
There were no significant differences between the cities for daily frequency of consumption of 
F&V (IRR=1.03, 95% CI: 0.86-1.24, p=0.73), whole grain-rich foods (IRR=1.23, 95% CI: 0.89-
1.70, p=0.20), or foods high in added sugars (IRR=1.13, 95% CI: 0.86-1.47, p=0.38) (Table 1.4). 
Analysis 2- Hourly Wage Results 
Table 1.5 displays descriptive statistics on various economic indicators for participants 
included in the “hourly wage” analyses. On average across the sites, the most common job type 
was “Food Preparation and Serving” (19.26% at Wave 1 and 22.04% at Wave 2, Table 1.5). The 
distribution of the different job types remained relatively constant between Waves 1 and 2, 
except for Transportation and Material Moving occupations, which decreased from 12.04% at 
Wave 1 to 4.81% at Wave 2 (Table 1.5). For both sites, the average number of hours worked 
each week increased from Wave 1 to Wave 2. In Minneapolis, participants worked an average 
25.89 hours per week at Wave 1 and 28.92 at Wave 2 (Table 1.5). In Raleigh, average weekly 
hours worked was 32.71 at Wave 1 and 35.62 at Wave 2 (Table 1.5). For both sites, the percent 
of participants who worked more than one job decreased from Wave 1 to Wave 2 (13.70% to 
8.22% in Minneapolis, and 12.15% to 7.48% in Raleigh, Table 1.5). 
Table 1.3 displays average daily frequencies of consumption for each food group by city 




times per day at Wave 1 and 3.22 times per day at Wave 2. In Raleigh, participants on average 
consumed fruits and vegetables 3.34 times per day at Wave 1 and 3.18 times per day at Wave 2. 
For whole-grain rich foods, average daily consumption was 1.01 times per day at Wave 1 and 
1.00 times per day at Wave 2 among Minneapolis participants. For Raleigh participants, average 
daily consumption was 0.91 times per day at Wave 1 and decreased to 0.73 times per day at 
Wave 2. Lastly, for food high in added sugars, average daily consumption for Minneapolis 
participants was 3.27 times per day at Wave 1 and decreased to 2.71 times per day at Wave 2. 
Among Raleigh participants, average daily consumption was 3.32 times per day at Wave 1 and 
decreased to 2.99 times per day at Wave 2.  
Results from the continuous multivariate DID longitudinal regression analyses indicated 
that there were no significant differences between the cities for daily frequency of consumption 
of F&V (IRR=0.98, 95% CI: 0.94-1.02, p=0.31), whole grain-rich foods (IRR=0.97, 95% CI: -
0.90-1.04, p=0.35), or foods high in added sugars (IRR=1.01, 95% CI: 0.97-1.06, p=0.57) (Table 
1.4). Results remained null in our sensitivity analyses in which we re-estimated the same DID 
models, but replaced weekly wage with hourly wage (Table 1.6). 
Sensitivity Analyses Results 
Prior to performing our sensitivity analyses, the research team first used t-tests and chi-
square tests to examine differences in baseline measures of age, sex, race, ethnicity, educational 
attainment, and SNAP usage among those who returned for a Wave 2 appointment (n=655) 
versus those who did not (n=319). There were no significant differences in age, race, ethnicity, 
educational attainment, or SNAP usage, but baseline measures of sex were significantly different 
between the groups (Table 1.7). A higher percentage of females returned for a Wave 2 
appointment. The research team also examined attrition by study site and found that the retention 




Table 1.9 presents results from the sensitivity analyses using IPCW. Results did not 
change and remained null for all models when inverse probability weights were incorporated into 
the DID regression models.  
Post-hoc Analysis Results 
The research team conducted follow-up analyses to attempt to understand the null results 
from the primary dietary analyses. First, we examined whether the policy’s intended target, 
hourly wage, changed on average between the cities from Wave 1 to Wave 2. Based on 
tabulations of the data, the average hourly wage in Minneapolis was $10.32 at Wave 1 and 
$12.73 at Wave 2, equating to an average increase of $2.41. In Raleigh, the average hourly wage 
at Wave 1 was $9.36 and $10.93 at Wave 2, resulting in an average increase of $1.57. Thus, on 
average, the hourly wage increased in both Minneapolis and Raleigh, but it increased by 84 cents 
more in Minneapolis.  
Similarly, results from the DID linear regression pre-analysis (RQ1) indicated that on 
average, the hourly wage significantly increased from Wave 1 to Wave 2, and it increased 
significantly more in Minneapolis than in Raleigh (β=0.82, 95% CI: 0.13-1.51, p=0.02, Table 
1.10). In the Wages data set, changes in hourly wage were associated with changes in household 
income for higher categories of income (p<0.001 for income categories 4, 5, 6, 7 compared to 
income category 1, Table 1.10, RQ2). Household income increased overall from Wave 1 to 
Wave 2; on average, participants had a 47 percent higher odds of moving into one higher 
household income category from Wave 1 to Wave 2 (95% CI: 1.24-1.76, p<0.001, Table 1.10, 
RQ3). However, there was no significant difference in changes in household income between the 
cities (OR= 0.84, 95% CI: 0.63-1.11, p=0.23, Table 1.10, RQ3).  
Results from the multivariate DID linear regression follow-up analysis (RQ4) indicated 




95% CI: 0.07-1.52, p=0.03, Table 1.10). This beta coefficient demonstrates that the average 
hourly wage increased by 79 more cents than would have been expected had there been no 
minimum wage policy, holding other predictors in the model constant. However, results from the 
multivariate multinomial logistic DID regression indicated that a change in wage policy was not 
significantly associated with changes in any of the household income categories (Table 1.10, 
RQ5). Thus, while a change in minimum wage policy was associated with increased hourly 
wages over the first year of implementation, the change in policy did not translate to higher 
household income; this may explain why there were no significant changes in dietary intake 
between the two cities.  
Discussion 
This study found that the first phase of a policy-mandated minimum wage increase was 
not associated with changes in daily frequency of consumption of F&V, whole grain-rich foods, 
or foods high in added sugars among low-wage workers in Minneapolis compared to low-wage 
workers in Raleigh. Results were robust after conducting sensitivity analyses using IPCW; 
results did not change and remained null for all models when inverse probability weights were 
incorporated into the DID regression models. Follow-up analyses were conducted to understand 
the null results; these analyses indicated that on average, hourly wage increased after one year in 
both cities, but the increase was greater in Minneapolis than in Raleigh. However, this 
differential increase in hourly wage did not translate to differential increases in household 
income between the cities. Similarly, follow-up analyses using multivariate DID regression 
found that living in a city with a minimum wage increase was associated with increases in hourly 
wage, but was not associated with increases in household income. Given that increased 
household income (due to increased hourly wages) may be the key mechanism by which a higher 




household income between the cities may explain why there were no significant changes in 
dietary intake after the first year of implementation. 
Although household income increased in both Minneapolis and Raleigh after one year of 
the ordinance, there are several potential reasons as to why it did not increase differentially 
between the cities. First, household income may have increased in both cities (but not 
differentially) due to inflation,49 or due to economic improvements happening concurrently in 
both cities.50,51 Additionally, the average number of weekly hours worked increased from Wave 
1 to Wave 2 approximately equally in both cities (~3 additional hours each week, Table 1.6), 
which may have contributed to increases in household income in both cities. Additionally, other 
income earners in the same household could affect a participant’s household income. Lastly, the 
research team measured household income categorically, and our measure might not have been 
sensitive enough to capture small changes in household income between the cities that might 
have resulted from the small changes in hourly wage. Perhaps during later stages of the policy’s 
implementation, wages will increase enough to translate to significant changes in household 
income (and potentially, changes in dietary intake) between the cities.  
It is also possible that we found null results because no true relationship exists between 
increased wages and dietary intake among low-wage workers. In our sample of Minneapolis 
workers, wages increased by an average of $2.41 from Wave 1 to Wave 2, which translates to an 
additional $72.30 per week (based on a 30-hour work week, which is the approximate average in 
our sample, see Tables 1.6 and 1.7). In Raleigh, wages increased on average by $1.57 from Wave 
1 to Wave 2, which translates to $47.10 extra per week (based on a 30-hour work week). 
According to the U.S. Department of Agriculture, it is possible to meet the U.S. Dietary 




additional $72.30 in Minneapolis and $47.10 in Raleigh per week could meaningfully increase 
intake of F&V. However, for all three food groups, daily frequency of consumption actually 
decreased (based on raw tabulations of the data, Supplemental Table 1.2), but these decreases 
were quite small, and according to our DID models, did not translate to significant changes from 
Waves 1 and 2 between the cities (Table 1.8). Additionally, many other environmental, 
psychosocial, and cultural factors influence dietary intake and contribute to diet-related 
disparities besides income, such as availability of healthy choices, knowledge of dietary 
recommendations, and self-efficacy for healthy eating,52 so perhaps increasing wage alone is not 
sufficient for meaningfully improving dietary intake and reducing diet-related disparities. 
However, before conclusions can be drawn, the Minneapolis ordinance must be fully 
implemented and dietary analyses must be re-run with all five waves of Wages data.  
The null results may also be attributable to a decrease in SNAP benefits among 
participants at Wave 2. SNAP benefits inversely track with household income; given that wages 
and household income increased in both cities at Wave 2, some loss of benefits was expected. 
However, the amount of SNAP benefits participants received did not significantly change 
between Waves 1 and 2 overall or when stratified by city (based on an unadjusted DID 
regression, data not shown). However, even small changes in SNAP benefits could impact food 
purchasing and dietary intake for low-income populations. Future research should examine how 
minimum wage ordinances impact usage of and eligibility for government food assistance 
programs. 
Our results are similar to studies from the health and economics literature demonstrating 
that minimum wage policies are associated with increases hourly wage.48,53-55 However, unlike 




This is most likely because our study uses data from only baseline and the first year of the 
Minneapolis policy’s implementation. Thus, it is possible that hourly wages have not yet have 
increased enough to translate to changes in household income between the cities. Our results are 
also similar to Horn et al.10 in that there was no association between minimum wage increases 
and F&V consumption for women; however, unlike Horn et al., we found no association, rather 
than an inverse association, for F&V consumption in men. Our null results were also dissimilar 
from Ukert et al.11 and Clark et al.12 in that Ukert et al. found an inverse association between 
minimum wage increases and F&V consumption, whereas Clark et al. found a positive 
association. Again, our null results are most likely dissimilar from these studies because the 
Minneapolis minimum wage ordinance has not yet been fully implemented; therefore, household 
income and subsequent dietary behaviors may not have yet significantly changed.  
This study has several strengths. To date, no prospective longitudinal studies have 
evaluated the impact of a minimum wage increase on dietary outcomes. Our longitudinal data 
from a natural experiment design allows us to track the same participants over time throughout 
the phased implementation of the Minneapolis ordinance. This will allow for stronger causal 
inference than previously conducted cross-sectional studies on minimum wage increases and 
dietary outcomes.10-12 Additionally, the research team collected data on individual wages using 
an objective measure (paystubs or an employer verification document) for the majority of our 
sample, and collected self-reported hourly wage for the remainder of individuals in our sample. 
We could therefore calculate the precise “wage dose” received for each participant in the study. 
This is a significant improvement over previous minimum wage studies that have used proxy 
measures such as educational attainment and household income to estimate the likelihood of 




two types of analyses to address the study’s aim; the first analysis examined the impact of the 
ordinance under “real-world” conditions of adherence, and the other used hourly wage 
information to take into account a “wage dose” from the policy. We were also able to conduct 
follow-up analyses to help contextualize our results from the two analyses.  
This study also has several limitations. First, the NCI DSQ dietary screener assumes a 
standard portion size for all participants. However, validation studies have shown close 
agreement when comparing mean values from nutrients and food groups between the NCI DSQ 
and 24-hour recall data (gold standard) for both males and females; all differences were <2% of 
the 24-hour recall value.17 Thus, despite the limitation of assuming a standard portion size for all 
participants, the NCI DSQ is a valid tool for assessing dietary intake for the Wages Study, 
especially given that the research team is not translating dietary intake to health outcomes in the 
present study.  
An additional limitation is that the Wages Study had considerable attrition from Wave 1 
to Wave 2. However, this attrition rate is similar to attrition rates in other non-clinical cohort 
studies containing low-income study populations with high rates of racial/ethnic minorities.56 
Additionally, many researchers argue that a study’s overall attrition rate is an oversimplified 
metric of study rigor and internal validity, and a more complex conceptualization of attrition 
(such as assessing differential attrition by completers versus non-completers, by study arm, 
and/or by study site) should instead be assessed.57 The research team therefore examined 
differences in baseline measures of age, sex, race, ethnicity, educational attainment, and SNAP 
usage among those who returned for a Wave 2 appointment (n=655) versus those who did not 




groups. Additionally, we conducted sensitivity analyses using IPCW and our null results were 
unchanged. 
An additional limitation of our study is that household income was measured 
categorically. The research team measured it categorically, rather than open-ended, because 
open-ended survey response questions often produce “messy” responses and are more difficult 
for participants to answer. Additionally, validation studies that have compared self-reported 
household income data (measured categorically) to income tax records have shown that open-
ended responses to household income survey questions yield higher bias compared to categorical 
responses.58 Given these considerations, our team chose to invest our resources into obtaining 
precise hourly wage data (using open-ended response questions for our hourly wage variable) 
and asking for paystub verification for hourly wages. We did not have the resources to measure 
all of our other mediators (such as household income) and covariates as precisely. While it is 
possible that our categories of income may have been too broad to capture an increase from 
Wave 1 to Wave 2 for some participants, this is a tradeoff of performing community-based 
research. 
A final limitation is that the timing of participants’ data collection appointments was 
variable. For example, during Wave 1, some participants completed data collection appointments 
prior to the July 1st, 2018 wage increase (April-June 2018), whereas others completed their data 
collection appointments after the July 1st, 2018 wage increase (July-October 2018). We 
attempted to collect all baseline data before the July 1st, 2018 wage increase, but had to extend 
recruitment through October 2018 to meet our recruitment goals and ensure the Wages Study 
was adequately powered. Additionally, during Wave 2, some participants completed their data 




completed their data collection appointments several months after the July 1st, 2019 wage 
increase. Thus, study participants’ exposures to the experiencing a minimum wage increase was 
different throughout the data set. However, we addressed this analytically by creating a control 
variable that represented the timing (in weeks) of the participant’s data collection appointment 
relative to the wage increase. This variable was included in all models in our primary analyses.  
Conclusions 
Although results are preliminary, this study found that after the first phase of 
implementation, a policy-mandated minimum wage increase was not associated with changes in 
daily frequency of consumption of F&V, whole grain-rich foods, or foods high in added sugars 
among low-wage workers in Minneapolis compared to low-wage workers in Raleigh. However, 
the policy was associated with increases in hourly wage between the cities after one year of 
implementation. The policy was not associated with increases in household income, which may 
explain why the research team did not find significant changes in dietary intake in our sample. 
However, before conclusions can be drawn, the Minneapolis ordinance must be fully 
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Table 1.1. Baseline characteristics of the Wages participants in Minneapolis, Minnesota, and Raleigh, North Carolina, that will be 
used in analyses.  
  Analysis 1: Policy Analysis  
(n=603)a 
Analysis 2: Wage Analysis  
(n=540)b 
  
Minneapolis Raleigh Minneapolis Raleigh 
  
n % n % n % n % 
Total sample 267 44.28 336 55.72 219 40.56 321 59.44 
Age                 
     18-29 49 18.35 108 32.14 42 19.18 103 32.09 
     30-39 44 16.48 95 28.27 40 18.26 91 28.35 
     40-49 47 17.60 58 17.26 42 19.18 56 17.45 
     50-59 88 32.96 58 17.26 63 28.77 54 16.82 
     60+ 39 14.61 17 5.06 32 14.61 17 5.30 
     Missing 0 0.00 0 0.00 0 0.00 0 0.00 
Sex                 
     Male 123 46.07 105 31.25 99 45.21 99 30.84 
     Female 138 51.69 230 68.45 116 52.97 221 68.85 
     Non-binary 3 1.12 1 0.30 1 0.46 1 0.31 
     Missing 3 1.12 0 0.00 3 1.37 0 0.00 
Race                 
     White alone 58 21.72 40 11.90 51 23.29 37 11.53 
     Black or African American alone 159 59.55 274 81.55 130 59.36 264 82.24 
     Asian alone 2 0.75 2 0.60 2 0.91 2 0.62 
     Native Hawaiian or Pacific Islander alone 1 0.37 0 0.00 0 0.00 0 0.00 






     More than one race 18 6.74 8 2.38 15 6.85 8 2.49 
     Other 10 3.75 10 2.98 7 3.20 8 2.49 
     Missing 4 1.50 0 0.00 4 1.83 0 0.00 
Ethnicity                 
     Hispanic/Latino 11 4.12 19 5.65 10 4.57 18 5.61 
     Non-Hispanic/Latino 249 93.26 316 94.05 203 92.69 302 94.08 
     Missing 7 2.62 1 0.30 6 2.74 1 0.31 
Education                 
    Less than High School 9 3.37 4 1.19 6 2.74 3 0.93 
    Some High School 49 18.35 34 10.12 37 16.89 34 10.59 
    High School Diploma 75 28.09 144 42.86 60 27.40 138 42.99 
    Associate/Technical Degree 37 13.86 30 8.93 33 15.07 29 9.03 
    Some College 68 25.47 91 27.08 56 25.57 86 26.79 
    Bachelor's Degree or Higher 28 10.49 32 9.52 27 12.33 30 9.35 
    Missing 1 0.37 1 0.30 0 0.00 1 0.31 
SNAPc Usage                 
    Receiving SNAP 164 61.42 142 42.26 129 58.90 138 42.99 
Average hours worked per week 25.77 32.52 25.89 32.71 
Average hourly wage ($) 10.32 9.36 10.34 9.37 
a
Excludes participants who double enrolled in the study (n=1), made more than $11.50 per hour at baseline (n=18) and who were missing more 
than one response on the Dietary Screener Questionnaire at either Wave 1 or Wave 2 (n=33).  
b
Excludes participants who double enrolled in the study (n=1), made more than $11.50 per hour at baseline (n=18), who were missing more than 
one response on the Dietary Screener Questionnaire at either Wave 1 or Wave 2 (n=33), missing hourly wage information (n=27), were 
unemployed and could not provide a pay stub or self-report hourly wage from their most recent job in the past six months (n=33), or were retired 
(n=3). 
c








Table 1.2. Policy analysis: Comparison of job classification, weekly hours worked, and number of jobs worked among Wages 
participants at Waves 1 and 2 in Minneapolis, Minnesota and Raleigh, North Carolina, for the present study's policy analysis (n=603).  
  
Policy Analysis Wave 1 
(n=603) 
Policy Analysis Wave 2 
(n=603) 
  


























Total Sample 267 44.28 336 55.72 603 100.00 267 44.28 336 55.72 603 100.00 
Number of Participants Working More than 1 
Job 
34 12.73 41 12.20 75 12.44 19 7.12 24 7.14 43 7.13 
Average Weekly Hours Worked 25.77 10.41 32.52 9.72 29.54 10.57 28.83 13.29 35.64 10.23 32.90 12.02  
Breakdown of Weekly Hours Worked                         
     0-9 10 3.75 7 2.08 17 2.82 14 5.24 8 2.38 22 3.65 
     10-19 48 17.98 23 6.85 71 11.77 23 8.61 9 2.68 32 5.31 
     20-29 95 35.58 69 20.54 164 27.20 81 30.34 42 12.50 123 20.40 
     30-39 68 25.47 106 31.55 174 28.86 38 14.23 95 28.27 133 22.06 
     40-49 39 14.61 123 36.61 162 26.87 56 20.97 156 46.43 212 35.16 
     50-59 1 0.37 0 0.00 1 0.17 3 1.12 8 2.38 11 1.82 
     60+ 1 0.37 3 0.89 4 0.66 5 1.87 9 2.68 14 2.32 
     Missing 5 1.87 5 1.49 10 1.66 47 17.60 9 2.68 56 9.29 
Job Classificationa 
                        
     Food Preparation and Serving Related 42 15.73 71 21.13 113 18.74 32 11.99 91 27.08 123 20.40 
     Office and Administrative Support  
     Occupations 21 7.87 79 23.51 100 16.58 20 7.49 63 18.75 83 13.76 
     Building and Grounds Cleaning/     
     Maintenance 37 13.86 20 5.95 57 9.45 23 8.61 26 7.74 49 8.13 
     Healthcare Support Occupations 17 6.37 27 8.04 44 7.30 25 9.36 25 7.44 50 8.29 






     Transportation and Material Moving 38 14.23 31 9.23 69 11.44 9 3.37 18 5.36 27 4.48 
     Other 86 32.21 72 21.43 158 26.20 72 26.97 88 26.19 160 26.53 
     Missing 4 1.50 6 1.79 10 1.66 68 25.47 2 0.60 70 11.61 
a
Classified according to the Bureau of Labor Statistics’ guide to Standard Occupational Codes for job descriptions and the North American 











Wave 1 Wave 2 Difference Wave 1 Wave 2 Difference 
Policy Analysis (n=603)             
     Average Daily Frequency of Consumption of Fruits and  
     Vegetables 3.28
a
 3.10 -0.18 3.30 3.18 -0.12 
     Average Daily Frequency of Consumption of Whole Grain-   
     Rich Foods 1.01 0.98 -0.03 0.90 0.74 -0.16 
     Average Daily Frequency of Consumption of Foods High in  
     Added Sugars 3.11 2.68 -0.43 3.27 2.93 -0.34 
Hourly Wage Analysis (n=540)             
     Average Daily Frequency of Consumption of Fruits and  
     Vegetables 3.38 3.22 -0.16 3.34 3.18 -0.16 
     Average Daily Frequency of Consumption of Whole Grain- 
     Rich Foods 1.01 1.00 -0.01 0.91 0.73 -0.18 
     Average Daily Frequency of Consumption of Foods High in  
     Added Sugars 3.27 2.71 -0.56 3.32 2.99 -0.33 
a
An interpretation of this number would be: On average, Wages participants in Minneapolis consumed fruits and vegetables 3.28 times per day at 






Table 1.4. Difference-in-difference models of the longitudinal relationship between an area-level wage increase and frequency of 
consumption of various food groups among Wages participants in Minneapolis, Minnesota, and Raleigh, North Carolina, from Wave 1 
(baseline, 2018) to Wave 2 (2019).  
  
Daily Frequency of Consumption of Food Groups 
  
Fruits & Vegetables Whole Grain-Rich Foods Foods High in Added Sugars 
Model IRR
a
 95% CI p-value IRR 95% CI p-value IRR 95% CI p-value 
Policy Analysis  
(n=603): 
             
     Unadjusted Model 0.98 0.86 - 1.12 0.80 1.18 0.95 -1.47 0.13 0.96 0.81 - 1.14 0.67 








                 
     Unadjusted Model 0.98 0.95 - 1.01 0.13 0.97 0.93 - 1.02 0.26 1.00 0.96 - 1.04 0.96 
     Adjusted Model
b
 0.98 0.94 - 1.02 0.31 0.97 0.90 - 1.04 0.35 1.01 0.97 - 1.06 0.57 
a
Presented are the exponentiated difference-in-difference parameters (incidence rate ratios) using negative binomial regression and generalized 
estimating equations.  
b
Models were adjusted for age, gender, race, ethnicity, marital status, whether participant was born in the United States, whether participant is a 
food service worker, education level, household size, pregnancy status, smoking status, health insurance status, body mass index, the timing (in 
weeks) of the participant’s data collection appointment relative to the minimum wage increase, and number of jobs worked. 
c
An interpretation for this coefficient would be: Had there been no minimum wage policy, the difference in the rate of daily frequency of fruit and 








Table 1.5. Hourly wage analysis: comparison of job classification, weekly hours worked, and number of jobs worked among Wages 
participants at Waves 1 and 2 in Minneapolis, Minnesota and Raleigh, North Carolina, for the present study's hourly wage analysis 
(n=540).  
  
Hourly Wage Analysis Wave 1 
(n=540) 
Hourly Wage Analysis Wave 2 
(n=540) 


























Total Sample 219 40.56 321 59.44 540 100.00 219 40.56 321 59.44 540 100.00 
Number of Participants 
Working More than 1 Job 
30 13.70 39 12.15 69 12.78 18 8.22 24 7.48 42 7.78 
Average Weekly Hours 
Worked 
25.89 10.38 32.71 9.59 29.93 10.46 28.92 13.30 35.62 10.32 32.93 12.06 
Breakdown of Weekly 
Hours Worked                         
     0-9 9 4.11 6 1.87 15 2.78 13 5.94 8 2.49 21 3.89 
     10-19 36 16.44 21 6.54 57 10.56 23 10.50 9 2.80 32 5.93 
     20-29 84 38.36 65 20.25 149 27.59 78 35.62 40 12.46 118 21.85 
     30-39 57 26.03 103 32.09 160 29.63 37 16.89 94 29.28 131 24.26 
     40-49 30 13.70 119 37.07 149 27.59 54 24.66 149 46.42 203 37.59 
     50-59 1 0.46 0 0.00 1 0.19 3 1.37 8 2.49 11 2.04 
     60+ 1 0.46 3 0.93 4 0.74 5 2.28 9 2.80 14 2.59 
     Missing 1 0.46 4 1.25 5 0.93 6 2.74 4 1.25 10 1.85 
Job Classification
a
                         
     Food Preparation and        
     Serving Related 35 15.98 69 21.50 104 19.26 30 13.70 89 27.73 119 22.04 
     Office and 
Administrative  






     Building and Grounds         
     Cleaning/Maintenance 24 10.96 19 5.92 43 7.96 19 8.68 24 7.48 43 7.96 
     Healthcare Support  
     Occupations 15 6.85 25 7.79 40 7.41 25 11.42 24 7.48 49 9.07 
     Sales and Related  
     Occupations 20 9.13 29 9.03 49 9.07 18 8.22 23 7.17 41 7.59 
     Transportation and  
     Material Moving 34 15.53 31 9.66 65 12.04 9 4.11 17 5.30 26 4.81 
     Other 69 31.51 68 21.18 137 25.37 69 31.51 84 26.17 153 28.33 
     Missing 2 0.91 3 0.93 5 0.93 29 13.24 0 0.00 29 5.37 
a
Classified according to the Bureau of Labor Statistics’ guide to Standard Occupational Codes for job descriptions and the North American 






Table 1.6. Difference-in-difference models from sensitivity analysis using weekly wage to examine the longitudinal relationship 
between an area-level wage increase and frequency of consumption of various food groups among Wages participants in Minneapolis, 
Minnesota, and Raleigh, North Carolina, from Wave 1 (baseline, 2018) to Wave 2 (2019). 
  Daily Frequency of Consumption of Food Groups 
  
Fruits & Vegetables Whole Grain-Rich Foods Foods High in Added Sugars 
  IRR
a
 95% CI p-value IRR 95% CI p-value IRR 95% CI p-value 
Weekly Wage Analysis
b
 1.00 1.00 - 1.00 0.25 1.00 1.00 - 1.00 0.51 1.00 1.00 - 1.00 0.94 
a
Presented are the exponentiated difference-in-difference parameters (incidence rate ratios) using negative binomial regression and generalized 
estimating equations.  
b
Models were adjusted for age, gender, race, ethnicity, marital status, whether participant was born in the United States, whether participant is a 
food service worker, education level, household size, pregnancy status, smoking status, health insurance status, body mass index, the timing (in 




Table 1.7. Comparison of characteristics of Wages participants who completed a Wave 2 
appointment (n=655) compared to Wages participants who did not (n=319). 
  
Total Enrolled Sample 
(n=974) 
  


















Total sample 655 67.25 319 32.75 - 
Average hourly wage ($) 9.87 1.67 9.87 1.80 0.96 
Age         
0.23 
     18-29 162 24.73 81 25.39 
     30-39 149 22.75 79 24.76 
     40-49 113 17.25 66 20.69 
     50-59 164 25.04 62 19.44 
     60+ 67 10.23 30 9.40 
     Missing 0 0.00 1 0.31 
Sex         
<0.01* 
     Male 251 38.32 172 53.92 
     Female 394 60.15 144 45.14 
     Non-binary 4 0.61 1 0.31 
     Missing 6 0.92 2 0.63 
Race         
0.09 
     White alone 101 15.42 35 10.97 
     Black or African American alone 473 72.21 226 70.85 
     Asian alone 4 0.61 0 0.00 
     Native Hawaiian or Pacific Islander alone 1 0.15 1 0.15 
     Native American or Alaskan Native alone 18 2.75 11 3.45 
     More than one race 30 4.58 24 7.52 
     Other 22 3.36 19 5.96 
     Missing 6 0.92 3 0.94 
Ethnicity 
    
 
0.22  
     Hispanic/Latino 30 4.58 22 6.90 
     Non-Hispanic/Latino 612 93.44 288 90.28 
     Missing 13 1.98 9 2.82 
Education          




    Some High School 90 13.74 53 16.61  
 
0.24 
    High School Diploma 237 36.18 133 41.69 
    Associate/Technical Degree 74 11.30 28 8.78 
    Some College 170 25.95 69 21.63 
    Bachelor's Degree or Higher 65 9.92 25 7.84 
    Missing 4 0.61 4 1.25 
SNAP
b Usage         
0.21 
    Receiving SNAP 326 49.77 176 55.17 
    Not receiving SNAP 313 47.79 132 41.38 
    Not sure 5 0.76 5 1.57 
    Missing 11 1.68 6 1.88 
a
P-values are based on t-tests and chi-square tests of significance comparing baseline values from  
those who returned for a Wave 2 appointment versus those who did not. 
b
Supplemental Nutrition Assistance Program 









Table 1.8. Comparison of characteristics of Wages participants who completed a Wave 2 appointment (n=655) compared to Wages 
participants who did not (n=319) in Minneapolis, Minnesota, and Raleigh, North Carolina. 
  
Enrolled Participants in 
Minneapolis 
(n=495) 
Enrolled Participants in Raleigh 
(n=479) 
  


















































Average hourly wage ($) 10.44 1.29 10.34 1.79 0.50 9.38 1.80 9.16 1.56 0.23 
Age                     














1 98 27.92 36 
28.1
2 




9 60 17.09 24 
18.7
5 




6 62 17.66 17 
13.2
8 




7 21 5.98 6 4.69 
     Missing 0 0.00 1 0.52 0 0.00 0 0.00 
Sex                     



















3 242 68.95 62 
48.4
4 
     Non-binary 3 0.99 0 0.00 1 0.28 1 0.78 
     Missing 6 1.97 2 1.05 0 0.00 0 0.00 
Race         
 0.18 
        
0.08 




2 41 11.68 13 
10.1
6 




9 288 82.05 99 
77.3
4 
     Asian alone 2 0.66 0 0.00 2 0.57 0 0.00 
     Native Hawaiian or Pacific Islander 
alone 1 0.33 1 0.52 0 0.00 0 0.00 
     Native American or Alaskan Native 
alone 16 5.26 9 4.71 2 0.57 2 1.56 
     More than one race 22 7.24 14 7.33 8 2.28 10 7.81 
     Other 12 3.95 15 7.85 10 2.85 4 3.12 
     Missing 6 1.97 3 1.57 0 0.00 0 0.00 
Ethnicity         
0.12 
        
0.29 
     Hispanic/Latino 11 3.62 15 7.85 19 5.41 7 5.47 




8 331 94.30 119 
92.9
7 
     Missing 12 3.95 7 3.66 1 0.28 2 1.56 
Education                     
    Less than High School 10 3.29 4 2.09 
0.25 
5 1.42 3 2.34 
0.11 




0 35 9.97 19 
14.8
4 




9 149 42.45 57 
44.5
3 




9 33 9.40 7 5.47 












    Bachelor's Degree or Higher 32 
10.5
3 13 6.81 33 9.40 12 9.38 
    Missing 3 0.99 1 0.52 1 0.28 3 2.34 
SNAP
c Usage                     






147 41.88 56 
43.7
5 




3 200 56.98 67 
52.3
4 
    Not sure 3 0.99 4 2.09 2 0.57 1 0.78 
    Missing 9 2.96 2 1.05 2 0.57 4 3.12 
a
P-values are based on chi-square tests of significance comparing baseline values from those who returned for a Wave 2 appointment versus those 
who did not among Minneapolis participants.  
b
P-values are based on chi-square tests of significance comparing baseline values from those who returned for a Wave 2 appointment versus those 
who did not among Raleigh participants. 
c
Supplemental Nutrition Assistance Program 







Table 1.9. Weighted difference-in-difference models from sensitivity analyses describing the longitudinal relationship between an 
area-level wage increase and frequency of consumption of various food groups among Wages participants in Minneapolis, Minnesota, 
and Raleigh, North Carolina, from Wave 1 (baseline, 2018) to Wave 2 (2019). 
  Daily Frequency of Consumption of Food Groups 
  
Fruits & Vegetables Whole Grain-Rich Foods Foods High in Added Sugars 
Model IRR
a
 95% CI p-value IRR 95% CI p-value IRR 95% CI p-value 
Policy Analysis
b
 1.03 0.84 - 1.25 0.78 1.21 0.89 - 1.64 0.23 1.03 0.78 - 1.37 0.82 
Hourly Wage Analysis
b
 1.00 0.95 - 1.04 0.93 0.98 0.92 - 1.05 0.57 1.00 0.95 - 1.06 0.93 
a
Presented are the exponentiated difference-in-difference parameters (incidence rate ratios) using negative binomial regression and clustered 
standard errors. Models were weighted using inverse probability-of-censoring weights. 
b
Models were adjusted for age, gender, race, ethnicity, marital status, whether participant was born in the United States, whether participant is a 
food service worker, education level, household size, pregnancy status, smoking status, health insurance status, body mass index, the timing (in 











Table 1.10. Results from the follow-up analyses regression models assessing whether the Minneapolis minimum wage policy was 
associated with changes in hourly wage and household income categories between Minneapolis, Minnesota, and Raleigh, North 
Carolina, from Wave 1 (2018) to Wave 2 (2019). 
Model RRR
a












95% CI p-value 
RQ1
c
 - - - 1.58  1.22 - 1.93 <0.001 0.82 0.13 - 1.51 0.02 
RQ2
d
             
     $5,001 to $10,000 1.00 0.93 - 1.07 0.94 - - - - - - 
     $10,001 to $20,000 0.99 0.92 - 1.06 0.73 - - - - - - 
     $20,001 to $30,000 1.18  1.10 - 1.28 <0.001 - - - - - - 
     $30,001 to $40,000 1.19 1.08 - 1.30 <0.001 - - - - - - 
     $40,001 to $50,000 1.26 1.15 - 1.39 <0.001 - - - - - - 
     More than $50,000 1.24 1.12 - 1.38 <0.001 - - - - - - 
RQ3
e
 - - - 1.47 1.24 - 1.76 <0.001 0.84 0.63 - 1.11 0.23 
RQ4
f
 - - - 1.55 1.20 - 1.90 <0.001 0.79 0.07 - 1.52 0.03 
RQ5
g
             
     $5,001 to $10,000 - - - 1.05  0.68 - 1.65 0.82 0.84 0.44 - 1.60 0.59 
     $10,001 to $20,000 - - - 1.17 0.78 - 1.75 0.44 0.95 0.52 - 1.73 0.86 
     $20,001 to $30,000 - - - 2.13 1.43 - 3.17 <0.001 0.70 0.33 - 1.50 0.36 
     $30,001 to $40,000 - - - 1.55  0.90 - 2.65 0.11 1.79  0.65 - 4.97 0.26 
     $40,001 to $50,000 - - - 1.91  0.78 - 4.63 0.15 0.99 0.24 - 4.16 0.99 
     More than $50,000 - - - 2.22  0.98 - 5.02 0.06 0.79 0.10 - 6.35 0.83 
a









RQ1 asked: On average, did the hourly wage significantly change between the cities from Wave 1 to Wave 2? To address RQ1, we estimated a 
difference-in-difference longitudinal linear regression model using generalized estimating equations with clustering by the individual, using the 
Huber/White/sandwich estimator of variance and an autoregressive correlation matrix. Presented are the time and DID coefficients.  
d
RQ2 asked: Were changes in hourly wage associated with changes in household income? To address RQ2, we estimated a multinomial logistic 
regression model because the proportional odds assumption was violated. Standard errors were clustered at the level of the individual. The 
reference category is $0-$5,000. Presented are the relative risk ratios. 
e
RQ3 asked: On average, did household income categories significantly change between the cities from Wave 1 to Wave 2? To address RQ3, we 
estimated an ordinal logistic difference-in-difference regression model, with standard errors clustered at the level of the individual. The 
proportional odds assumption was tested and held. Presented are the odds ratios for the time and DID estimate.  
f
RQ4 asked: Was the policy associated with changes in hourly wage between the cities from Wave 1 to Wave 2? To address RQ4, we estimated a 
multivariate difference-in-difference longitudinal linear regression model using generalized estimating equations with clustering by the individual, 
using the Huber/White/sandwich estimator of variance and an autoregressive correlation matrix. The model was adjusted for race, sex, age, 
education level, job classification, and the number of job trainings completed in the past 12 months. Presented are the time and the DID 
coefficients. 
g
RQ5 asked: Was the policy associated with changes in household income categories between the cities from Wave 1 to Wave 2? To address RQ5, 
we estimated a multinomial logistic difference-in-difference regression model because the proportional odds assumption was violated. Standard 
errors were clustered at the level of the individual. The following covariates were included in the model: race, sex, age, number of adults living in 
the household, marital status, education level, job classification, and the number of job trainings completed in the last 12 months. The reference 







Large Businesses  
(>100 employees) 
Small Businesses  
(≤100 employees) 
2017 $9.50 $7.75 
January 1, 2018 
(Wages Study baseline (Wave 1) data 
collection begins) 
$10.00 No increase 
July 1, 2018 $11.25 $10.25 
July 1, 2019 
(Wages Study Wave 2 data collection begins) 
$12.25 $11.00 
July 1, 2020 
(Wages Study Wave 3 data collection begins) 
$13.25 $11.75 
July 1, 2021 
(Wages Study Wave 4 data collection begins) 
$14.25 $12.50 
July 1, 2022 
(Wages Study Wave 5 data collection begins) 
$15.00* $13.50 
July 1, 2023 $15.00* $14.50 
July 1, 2024 $15.00* 
$15.00* 
(Equal to Large 
Businesses) 
*Increases to account for inflation, every subsequent January 1st.   
 
Figure 1.1. Scheduled implementation of hourly wage increases in the city of Minneapolis, and 









Population (2018, U.S. Census Bureau) 425,403 469,298 
Race/Ethnicity (2018, U.S. Census Bureau)     
     % White alone 63.9 59.0 
     % Black or African American alone 18.9 28.9 
     % Asian alone 6.0 4.6 
     % American Indian or Alaska Native alone 1.2 0.3 
     % Native Hawaiian or Other Pacific Islander alone 0.0 0.1 
     % Two or more races 4.9 2.6 
     % Hispanic or Latino 9.8 11.0 
     % White alone, not Hispanic or Latino 59.9 53.5 
% Foreign Born (2018, U.S. Census Bureau) 15.9 13.4 
% Unemployed (2019, Bureau of Labor Statistics) 2.6 3.6 
% Persons Living in Poverty (2018, U.S. Census Bureau) 20.7 14.0 
% Obese (2014, CDC BRFSS) 22.2 22.9 
 












Figure 1.3. Hypothesized causal pathway for the relationship between a minimum wage increase and increased intake of healthier  
foods.  
Follow-up research questions 1 and 3 are not depicted on this diagram because they were based on tabulations of the raw data and  





























Figure 1.7. Distribution of the categories of SNAP benefits among Wages participants in 
Minneapolis, Minnesota, and Raleigh, North Carolina, at Wave 1 (2018, baseline) and Wave 2 
(2019) for the study’s “policy” analyses (n=603).  
 
*The SNAP benefits categories are as follows: 1=Do not receive any SNAP benefits; 2=$1 - $25; 3=$26 - $50; 






Figure 1.8. Distribution of the categories of SNAP benefits among Wages participants in 
Minneapolis, Minnesota, and Raleigh, North Carolina, at Wave 1 (2018, baseline) and Wave 2 
(2019) for the study’s “hourly wage” analyses (n=540).  
 
*The SNAP benefits categories are as follows: 1=Do not receive any SNAP benefits; 2=$1 - $25; 3=$26 - $50; 





CHAPTER 2: EXAMINING CHANGES IN FOOD SECURITY, PERCEIVED STRESS, 
AND DIETARY INTAKE AFTER THE FIRST YEAR OF IMPLEMENTATION OF THE 
MINNEAPOLIS MINIMUM WAGE ORDINANCE.  
Introduction 
Income is a well-established social determinant of health,1-3 and increasing income may 
enable healthier dietary intake.4-6 Previous literature indicates that minimum wage policies lift 
the earnings of employed low-wage workers,7,8 but less is known about impacts on diet quality.9 
There are many potential mechanisms linking minimum wage increases to improvements in diet 
quality. For example, minimum wage increases may lead to increased hourly wages for workers, 
leading to increased household income, leading to improvements in relevant mediators (such as 
stress or food security), eventually leading to improvements in dietary intake (Figure 2.1),10   
In June 2017, Minneapolis, Minnesota passed an ordinance that will incrementally 
increase the minimum wage above the state level to $15 an hour, from $9.50 per hour for all 
businesses with greater than 100 employees, and from $7.75 per hour in smaller businesses.11 
The incremental annual wage increase must be fully implemented by July 1st, 2022 for large 
businesses and two years later for small businesses11 (Figure 2.2). 
The Wages Study follows a cohort of low-wage workers over the 4.5-year 
implementation period of the Minneapolis minimum wage increase. The study collects annual 
measures of economic indicators, health behaviors, and relevant mediators in a sample of low-
wage workers in Minneapolis and in a control site (Raleigh, North Carolina) to determine 
whether the ordinance improves earnings and health outcomes for workers. Previously, our 





whether the policy increased hourly wages after its first year of implementation.12 We also 
examined whether the policy was associated with changes in dietary intake after the first year of 
implementation.12 We found that after one year, the policy was associated with increased hourly 
wages, but was not associated with changes in consumption fruits and vegetables (F&V), whole 
grain-rich foods, or foods high in added sugars.12 The results may have been null for our dietary 
intake analyses because the ordinance had not yet been fully implemented, and wages had not 
increased enough to significantly impact diet.12 Thus, as a follow-up analysis, we decided to 
examine changes in potential mediators of the wage-diet relationship. These mediators may be 
more sensitive to change after one year of implementation of the ordinance because they are 
further upstream on the hypothesized causal pathway (as shown in Figure 2.1). Two mediators 
were of specific interest: food security and perceived stress. While there are other potential 
mediators of the wage-diet association, we wanted to focus specifically on food security and 
perceived stress because of their well-established relationships with wages, income, and dietary 
intake in previously conducted studies.13-37 
Food security is defined as “access by all people at all times to enough food for an active, 
healthy life.”38 In 2019, 10.5% of households were food insecure in the United States.39 It is well 
established that food insecurity inversely tracks with income.13-17 For example, a 1998 repeated 
cross-sectional study by Rose et al. found that those in poverty were over 3.5 times more likely 
to be food insufficient.16 Additionally, a 2019 cross-sectional study by Pollard et al. found that 
stagnant wages were associated with food insecurity in Australian households.17 A 2004 
retrospective study by Rodgers et al. used data from the Current Population Survey and found 
that the October 1996 and September 1997 increases in the federal minimum wage increased 





The Century Foundation estimated that raising the federal minimum wage to $15.00 per hour by 
2023 would help approximately 1.2 million American households achieve food security.19 
However, these were estimated numbers, and the impacts of a minimum wage increase on food 
security and dietary intake have never been prospectively evaluated using longitudinal data and a 
natural experiment design.   
Additionally, numerous studies have demonstrated that food insecure households have 
poorer diet quality, lower F&V intake, lower intake of dairy products and protein-rich foods, and 
a higher intake of microwavable or quick-cook frozen foods compared to food secure 
households.20-25 For example, a 2014 longitudinal study by Berkowitz et al. found that food 
insecurity was associated with lower overall dietary quality and lower consumption of plant-
based foods.20 An explanation for these findings may be that healthier foods (e.g., F&V, lean 
meats, and foods high in fiber) are often more expensive than less healthful foods (e.g., foods 
high in calories, simple carbohydrates, saturated fat, and added sugars), and often require a 
longer time to prepare.40-42 However, to the best of our knowledge, few studies have aimed to 
capture how changes in food security affect dietary outcomes; our data is uniquely poised to test 
this, given the minimum wage policy context and our natural experiment design.    
In addition to improved food security, increases in hourly wage may also improve stress 
among low-wage workers, which may lead to improvements in dietary intake. Numerous studies 
have shown that income is inversely associated with stress,26 and that decreases in wages can 
worsen stress and other mental health indicators.27 Additionally, stress can negatively impact diet 
quality through multiple pathways. For example, stress may be a marker for a lack of time and 
capacity for meal planning and cooking, which are two behaviors that are strongly linked to 





eating.30 Experimentally induced stress has been shown to increase intake of highly palatable, 
energy-dense foods and to inhibit intake of high-fiber and lower fat foods.31-35 Observational 
cohort studies have also demonstrated a link between greater stress and lower fruit, vegetable, 
and protein intake and higher consumption of fast food and salty and sugary snacks.36,37 A 2014 
longitudinal study by Jääskeläinen et al. found that among female adolescents, infrequent family 
meals and frequent consumption of chocolate, sweets, light sodas and alcohol were more 
prevalent among stress-driven eaters.37 Among male adolescents, the proportions of those with 
frequent consumption of sausages, chocolate, sweets, hamburgers and pizza were greater among 
stress-driven eaters.37 However, in our review of the literature, we did not find any studies that 
examined changes in wages, stress, and diet within the context of a minimum wage policy 
evaluation. 
The primary aim of this study is to examine whether changes in hourly wages are 
associated with changes in food security and changes in perceived stress in a sample of low-
wage workers after the first year of implementation of the Minneapolis minimum wage 
ordinance. Additionally, this study will examine whether changes in food security and changes in 
perceived stress are associated with changes in frequency of consumption of three food groups: 
F&V, whole grain-rich foods (in which a food’s first ingredient is a whole grain), and foods high 
in added sugars (>5 grams of sugar per serving) among low-wage workers. We hypothesized that 
increases in hourly wages would be associated with increased food security and decreased levels 
of perceived stress. Additionally, we hypothesized that increases in food security and decreases 
in perceived stress would be associated with increased intake of F&V and whole grain-rich 







The Wages study is a prospective cohort study. Recruitment methods and inclusion 
criteria are described in detail elsewhere.43 In January 2018, the Wages Study began following a 
cohort of 974 low-wage workers (those earning ≤$11.50 an hour at baseline) in Minneapolis 
(n=495) and low-wage workers in a comparison city with no minimum wage increase (Raleigh, 
North Carolina, n=479). The study aims to follow this cohort throughout the implementation of 
the Minneapolis minimum wage ordinance (January 1, 2018-July 1, 2022). Recruitment and 
baseline data collection occurred from January-October 2018. Of note, the baseline data 
collection period (hereon referred to as Wave 1) was extended from the original completion date 
of July 2018 to October 2018 due to challenges in recruitment. Details of this are discussed 
elsewhere.43 Wave 2 data collection occurred during the summer and fall of 2019. Data will be 
collected again in the summers of 2020 (Wave 3), 2021 (Wave 4), and 2022 (Wave 5). 
This study described in this manuscript uses the first two waves of longitudinal data from 
the currently ongoing Wages Study (n=655). After exclusions, data from 540 Wages participants 
were available for analyses (Figure 2.3). The study was approved by the institutional review 
boards of the University of Minnesota and the University of North Carolina at Chapel Hill, and 
participants gave written informed consent to participate.  
Hourly Wage Assessment 
Wages participants attend one data collection appointment each year in which wages are 
verified and a computer-based survey is administered. Participants are asked to bring a recent 
pay stub or other document from their primary employer to verify their hourly wage at the annual 





Wave 2, 81.37% of participants verified their hourly wage. All other participants self-reported 
their hourly wage. 
At Wave 2, three participants changed employers and no longer had a set hourly wage 
because they received an annual salary. To estimate an hourly wage for these participants, we 
multiplied the participants’ usual number of hours worked during a week by 52 to estimate the 
usual number of hours worked per year. We then divided their salary by this number.  
Food Security Assessment 
Food security was assessed via the United States Department of Agriculture’s (USDA) six-item 
U.S. Household Food Security Survey Module.44 This survey is a shortened form of the USDA’s 
validated 18-item U.S. Household Food Security Survey Module.44 A 1999 study by Blumberg et al. 
demonstrated that compared to the original 18-item module, the six-item short form classified 97.7% of 
households correctly and underestimated the prevalence of overall food insecurity and of hunger by only 
0.3 percentage points; thus, the six-item survey is a brief and useful tool for assessing food insecurity.45 
The shortened six-item survey includes questions such as “The food that I bought just didn’t last, and 
I didn’t have money to get more.” An affirmative response to three or more items indicates food 
insecurity versus no food insecurity, in accordance with standard scoring practices for a 
dichotomous outcome for this instrument.44 Although it is possible to further subdivide the food 
insecure category into low versus very low food security, we did not do this due to measurement 
and sample size limitations.  
Perceived Stress Assessment 
The computer-administered survey measured participants’ perceived stress using Cohen’s 
Perceived Stress Scale (PSS-4), a widely used measure found to be valid and reliable.26 
Participants are asked four questions about the frequency of stressful feelings over the past 30 





life?”). Response options ranged from 0 (never) to 4 (very often), and scale scores were the 
average of the responses to the four items (range 0-4). 
Dietary Assessment 
To assess dietary intake, the computer-administered survey included 22 questions from 
the validated 26-item National Cancer Institute’s (NCI) Dietary Screener Questionnaire 
(DSQ).47,48 The primary investigators for the Wages research team excluded four DSQ items 
from the computer survey (milk, cheese, red meat, and processed meat) because the research 
team wanted to keep only the most relevant questions in the computer survey to minimize 
participant survey fatigue. 
For the current analysis, we used the DSQ frequency data to estimate participants’ daily 
frequency of intake of three different food groups to be used as the study’s dependent variables: 
F&V, whole grain-rich foods (in which the first ingredient is a whole grain), and foods high in 
added sugars (>5 grams of sugar per serving). These food groups were created because all three 
are associated with weight gain (a lower risk for F&V49 and whole grain-rich foods50 and a 
higher risk for foods high in added sugars51,52) and chronic disease risk (a reduced risk for F&V53 
and whole grain-rich foods54 and an increased risk for foods high in added sugars55) in prior 
studies. The five-gram cutoff was chosen for foods high in added sugars because the Daily Value 
(DV) of added sugars is 50 grams per day based on a 2,000 kilocalorie per day diet,56 and the 
Food and Drug Administration considers a food to be a “good” source of a nutrient if it contains 
10-19% of the DV.57 Thus, we designated a food as being high in added sugar if it contained 
more than 10% DV for sugar (greater than 5 grams). 
To create the food group dependent variables, the research team first classified all foods 
from the DSQ as to whether they belonged, or not, in each of the three food groups. Foods could 





daily frequencies for each food (for example, if a participant responded that he/she consumed 
popcorn “2-3 times last month,” we divided 2.5 by 30 and assigned that participant a value of 
0.083 for their popcorn consumption variable). Finally, we created three new variables for each 
participant in the data set. The first variable was the sum of the daily frequencies for all F&V 
foods, the second variable was the sum of the daily frequencies for all whole grain-rich foods, 
and the third was the sum of the daily frequencies for all foods high in added sugars.  
Covariate Assessment 
 The computer administered survey provided data on demographic, economic, and 
additional health-related factors including, but not limited to, age (continuous), sex (male, 
female, non-binary), race (white alone, black or African American alone, Asian alone, Native 
Hawaiian or Pacific Islander alone, Native American or Alaskan native alone, more than one 
race, or other race), ethnicity (Hispanic/Latino, non-Hispanic/Latino), educational attainment 
(less than high school, some high school, high school diploma, associate/technical degree, some 
college, or Bachelor’s degree or higher), number of adults living in the household (one, two, 
three, four, or five or more), number of children living in the household (one, two, three, four, or 
five or more), marital status (married or single), birthplace (born in the United States, born 
abroad to American parents, or born abroad), job type (which was coded based on job titles and 
employer name according to the Bureau of Labor Statistics’ guide to Standard Occupational 
Codes for job descriptions and the North American Industry Classification System for employer 
sector), whether the participant has a physical disability (yes or no), whether the participant has a 
mental disability (yes or no), general self-reported health (excellent, very good, good, fair, poor), 
health insurance status (insured all year [any type of health insurance], uninsured for at least part 
of the year, or uninsured all year), whether the participant has access to a vehicle for reliable 





measured and classified by the Godon Leisure-Time Exercise Questionnaire,58 which has been 
shown to be valid in classifying healthy adults in terms of their physical activity levels59), and the 
amount the participant receives in Supplemental Food and Nutrition Assistance Program (SNAP) benefits 
(I do not receive any SNAP benefits, $1 - $25, $26 - $50, $51 - $75, $76 - $100, $101 - $150, $151 - 
$250, $251 - $500, $501 - $750, more than $750). Additionally, trained research staff obtained 
height and weight measurements from all participants. These measurements were used to 
calculate body mass index (BMI) for all participants (kilograms/meters2).  
The research team also collected information on potential area-level covariates from the 
Bureau of Labor Statistics, U.S. Census Bureau, Center for Disease Control and Prevention, and 
the Council for Community and Economic Research. The covariates included: 2018 and 2019 state 
Temporary Assistance for Needy Families (TANF) enrollment (percent of total recipients),60,61 
2018 and 2019 state SNAP enrollment (percent of total recipients),62 2018 and 2019 state 
unemployment rate (annual average),63,64 and each city’s Cost of Living Index for 2018 and 
2019.65 The Cost of Living Index, compiled by the Council for Community and Economic 
Research, measures regional differences in the cost of consumer goods and services.65 It is based 
on more than 90,000 prices covering 60 different items for which prices are collected quarterly 
by chambers of commerce, economic development organizations, and university applied 
economic centers in each participating urban area.65 The composite index is based on six 
categories: housing, utilities, grocery items, transportation, health care, and miscellaneous goods 
and services.65 
Statistical Analyses 
 Initially, the research team planned to use structural equation modeling to formally test 
whether food security and perceived stress mediated the relationship between changes in hourly 





after a previous analysis indicated that the total effect of changes in hourly wage on dietary 
intake was null, and there was no reason to suspect two independent pathways would cancel out 
any overall effect.12 We decided instead to conduct the analyses in two steps for both food 
security and perceived stress (e.g., first to test whether differences in hourly over time were 
associated with different levels food security [or perceived stress], and then separately test 
whether differences in food security status [or perceived stress] over time were associated with 
different levels of intake of F&V, whole grain-rich foods, and foods high in added sugars). All 
analyses were conducted in Stata/IC (version 16.0, 2019, StataCorp LLC, College Station, 
Texas). 
Food Security Analyses 
The food security analyses proceeded in two steps. First, we tested whether differences in 
hourly wage over time were associated with different levels of food security (model one). 
Second, we tested whether differences in food security status over time were associated with 
different levels of intake of F&V (model two), whole grain-rich foods (model three), and foods 
high in added sugars (model four). The research team proceeded with estimating the models in 
step 2 even if the association between wages and food security was null in step 1 for the 
following reason: even if food security did not change on average (thus producing null results in 
step 1), some individuals who were food insecure in Wave 1 may have been food secure in Wave 
2, and we could therefore leverage these individual-level changes in food security to test if there 
were associated dietary changes in step 2. 
Step 1: Hourly Wage and Food Security. In step 1, we estimated a regression model to 
test whether differences in wages over time were associated with different levels of food security 
(model 1). The regression was estimated according to the following model: 





In which Y represents the outcome (food security) for individual i at time t, Wage_continuous 
represents the individual i’s hourly wage at time t, and Time is an indicator that denotes whether 
individual i was surveyed at Wave 1 (0) or Wave 2 (1). Wage_continuous*Time, the parameter 
of interest, represents the interaction of Wage_continuous with Time. X represents a vector of 
individual-level covariates, including: age, sex, race, ethnicity, birthplace, educational attainment, 
marital status, number of adults living in household, number of children living in household, whether the 
participant is a food service worker, whether the participant has a physical disability, whether the 
participant has a mental disability, self-reported health status, health insurance status, vehicle access, 
whether the participant lives in Minneapolis or Raleigh, and the timing (in weeks) of the participant’s data 
collection appointment relative to the wage increase. The covariates were selected based on previous 
scientific literature regarding the factors associated with food security and hourly wages.66-69 
We considered adjusting for several area-level covariates, including state TANF enrollment, state 
SNAP enrollment, state unemployment rate, and the city’s cost of living index. However, these area-
level variables were dropped from the models due to collinearity, most likely because these 
variables changed so little between Wave 1 and Wave 2 that the city-level indicator perfectly 
predicted the variables.   
Data were analyzed with longitudinal regression analysis (generalized estimating 
equations [GEE] with clustering by the individual), using the Huber/White/sandwich estimator of 
variance and an autoregressive correlation matrix in order to account for repeated measures 
within individuals.70 The models were estimated using Stata’s xtgee command, specifying the 
binomial distribution and the logit link. Sensitivity analyses were performed, and results did not 
change when alternative correlation matrices were specified.  
Step 2: Food Security and Dietary Intake. In step 2, we estimated a regression model with 





time were associated with different levels of F&V intake (model two), whole grain-rich foods 
(model three), and foods high in added sugars (model four). The regressions were estimated according 
to the following model: 
Yit=β0 + β1Food_security_binaryit + β2Timeit + β3(Food_security_binaryit*Timeit) + β4Xit + ϵit 
In which Y represents the outcome (F&V for model two, whole grain-rich foods for model three, 
or foods high in added sugars for model four) for individual i at time t, Food_security_binary 
represents the individual i’s food security status at time t, and Time is an indicator that denotes 
whether individual i was surveyed at Wave 1 (0) or Wave 2 (1). Food_security_binary*Time, the 
parameter of interest, represents the interaction of Food_security_binary with Time. X represents 
a vector of individual-level covariates, including: age, sex, race, ethnicity, birthplace, educational 
attainment, marital status, number of adults living in the household, number of children living in 
the household, whether the participant is a foodservice worker, whether the participant has a 
physical disability, whether the participant has a mental disability, general self-reported health, 
health insurance status, vehicle access, whether the participant lives in Minneapolis or Raleigh, the 
timing (in weeks) of the participant’s data collection appointment relative to the minimum wage 
increase, BMI, pregnancy status, and smoking status. We again considered adjusting for area-
level covariates, but they were dropped due to collinearity.  
The models were estimated using negative binomial regression, as the dietary outcomes 
were over-dispersed count data (in which the unconditional means of the outcome variables were 
lower than their associated variances). Likelihood ratio tests that the dispersion parameter was 
equal to zero revealed that negative binomial models were a better fit than Poisson models.71-73 
Data were analyzed with longitudinal regression analysis (GEE with clustering by the 
individual), using the Huber/White/sandwich estimator of variance and an autoregressive 





analyses were performed, and results did not change when alternative correlation matrices were 
specified. 
Perceived Stress Analyses 
Similar to our food security analyses, analyses of perceived stress proceeded in two steps. 
We first tested whether differences in hourly wage over time were associated with different 
levels of perceived stress (model five). Second, we tested whether differences in perceived stress 
over time were associated with different levels of intake of F&V (model six), whole grain-rich 
foods (model seven), and foods high in added sugars (model eight). 
Step 1: Hourly Wage and Perceived Stress. To test whether differences in hourly wage 
over time were associated with different levels of perceived stress, we estimated a linear 
regression model because perceived stress was approximately normally distributed. The 
regression was estimated according to the following model: 
Yit=β0 + β1Wage_continuousit + β2Timeit + β3(Wage_continuousit*Timeit) + β4Xit + ϵit 
In which Y represents the outcome (perceived stress) for individual i at time t, Wage_continuous 
represents the individual i’s hourly wage at time t, and Time is an indicator that denotes whether 
individual i was surveyed at Wave 1 (0) or Wave 2 (1). Wage_continuous*Time, the parameter 
of interest, represents the interaction of Wage_continuous with Time. X represents a vector of 
individual-level covariates, including: age, sex, race, ethnicity, birthplace, educational 
attainment, marital status, number adults living in the household, number of children living in the 
household, job classification, whether the participant has a physical disability, health insurance 
status, whether the participant lives in Minneapolis or Raleigh, the timing of the participant’s data 
collection appointment relative to the wage increase, pregnancy status, smoking status, physical 






The models were estimated using longitudinal linear regression analysis (GEE with 
clustering by the individual), using the Huber/White/sandwich estimator of variance and an 
autoregressive correlation matrix to account for repeated measures within individuals.70 
Sensitivity analyses were again performed, and results did not change when alternative 
correlation matrices were specified. 
Step 2: Perceived Stress and Dietary Intake. In step 2, we tested whether differences in 
perceived stress over time were associated with different levels of intake of F&V (model six), 
whole grain-rich foods (model seven), and foods high in added sugars (model eight). The 
regressions were estimated according to the following model: 
Yit=β0 + β1Stressit + β2Timeit + β3(Stressit*Timeit) + β4Xit + ϵit 
In which Y represents the outcome (F&V for model six, whole grain-rich foods for model seven, 
or foods high in added sugars for model eight) for individual i at time t, Stress represents the 
individual i’s perceived stress score at time t, and Time is an indicator that denotes whether 
individual i was surveyed at Wave 1 (0) or Wave 2 (1). Stress*Time, the parameter of interest, 
represents the interaction of Stress with Time. X represents a vector of individual-level 
covariates, including: age, sex, race, ethnicity, birthplace, educational attainment, marital status, 
number adults living in the household, number of children living in the household, job 
classification, whether the participant has a physical disability, health insurance status, whether 
the participant lives in Minneapolis or Raleigh, the timing (in weeks) of the participant’s data 
collection appointment relative to the minimum wage increase, BMI, pregnancy status, smoking 
status, and physical activity. We again attempted to adjust for area-level covariates, but they 
were dropped due to collinearity.  
The models were estimated using negative binomial regression with longitudinal 





estimator of variance and an autoregressive correlation matrix to account for repeated measures 
within individuals.70 Sensitivity analyses were again performed, and results did not change when 
alternative correlation matrices were specified. 
Supplemental SNAP Analyses 
 Because SNAP benefits track with income,74 and because changes in SNAP benefits may 
influence food security, stress, and dietary intake,75 the research team chose to examine changes 
in individual-level SNAP as a supplemental analysis to help contextualize the results from our 
food security and perceived stress analyses. To do so, we generated histograms displaying the 
percent breakdown of participants in each SNAP benefit category for Minneapolis and Raleigh at 
Wave 1 and Wave 2. We also formally tested whether the distribution of SNAP benefits changed 
between waves using ordinal logistic regression, with SNAP benefit category as the outcome and 
time as the independent variable. Standard errors were clustered at the level of the individual. 
The proportional odds assumption was tested and held. We also performed this same analysis 
stratified by study site.    
Results 
The present study uses the first two waves of longitudinal data from the currently 
ongoing Wages Study (n=655). At Wave 2, 655 out of 974 Wages participants (67.25 percent) 
returned for a follow-up appointment (attrition rate of 32.75 percent). The research team 
examined differences in baseline measures of age, sex, race, ethnicity, educational attainment, 
and SNAP usage among those who returned for a Wave 2 appointment (n=655) versus those who 
did not (n=319) using chi-square tests and only found systematic differences in sex in the 
baseline characteristics among the groups (Supplemental Table 2.1). Additionally, logistic 
regression models demonstrated that the Wave 1 level of the outcomes and exposures did not 





consumption of F&V, whole grain-rich foods, and foods high in added sugars were not 
associated with whether an individual had Wave 2 data, Supplemental Table 2.2).  
For analyses in the present study, the research team used Wages data from Waves 1 and 2 
(n=655), but excluded participants who double enrolled in the Wages study (n=1) and made 
more than $11.50 per hour at baseline and therefore did not meet the study’s inclusion criteria for 
enrollment (n=18). We also excluded participants who had retired at Wave 2 (n=3) and therefore 
had no hourly wage, and participants who were unemployed and could not provide a pay stub or 
self-report hourly wage from their most recent job in the past six months (n=33). Additionally, 
we excluded participants who were missing more than one response on the DSQ (n=33) and 
those who were missing hourly wage information (n=27). After exclusions, data from 540 Wages 
participants were available for analyses (Figure 2.3).  
Baseline demographic information is presented in Table 2.1. The majority of participants 
were black or African American, non-Hispanic, and had received at least a high school diploma 
or higher. Table 2.2 displays descriptive statistics about economic indicators for participants at 
Waves 1 and 2. The average hourly wage at Wave 1 was $9.77 and increased to $11.67 at Wave 
2.  On average across the sites, the most common job type among participants was “Food 
Preparation and Serving,” and the distribution of the different job types remained relatively 
constant between Waves 1 and 2. For both sites, the average number of hours worked each week 
increased from Wave 1 to Wave 2. Lastly, for both sites, the percent of participants who worked 
more than one job decreased from Wave 1 to Wave 2. 
Food Security Results 
 Table 2.3 presents descriptive statistics on food security prevalence in our sample. 
Overall, the proportion of food insecurity in our sample was high, with 72.41% of participants at 





participants who were food insecure decreased in Minneapolis from Wave 1 to Wave 2 (70.32% 
vs. 66.21%, Table 2.3), and also in Raleigh from Wave 1 to Wave 2 (73.83% vs. 64.80%, Table 
2.3). However, the decrease in food insecurity was 4.92% greater in Raleigh than in Minneapolis 
(9.03% vs. 4.11%). A formal test of comparison using unadjusted difference-in-difference 
regression determined that these differences were not significantly different from each other 
(p=0.71). 
Table 2.4 presents results from step 1 in our food security analysis; we found no 
association between changes in hourly wage and changes in food security in our sample 
(OR=1.05, 95% CI [0.89 - 1.23], p=0.57, Table 2.4). Additionally, in step 2, we found that the 
change in frequency of consumption for F&V, whole grain-rich foods, and foods high in added 
sugars from baseline to follow up did not vary by food security status (Table 2.5). 
Perceived Stress Results 
Table 2.3 presents descriptive statistics for levels of perceived stress in our sample. On 
average, the levels of perceived stress were fairly low in both cities in both waves (ranging 
between 1 [almost never] to 2 [sometimes]). Average perceived stress scores decreased in both 
Minneapolis from Wave 1 to Wave 2 (1.66 vs. 1.55, Table 2.3) and in Raleigh from Wave 1 to 
Wave 2 (1.87 vs. 1.67, Table 2.3), but the decrease was 0.35 points greater in Raleigh than 
Minneapolis (0.20 vs. 0.11). However, a formal test of comparison using unadjusted difference-
in-difference regression showed that these differences were not significantly different from each 
other (p=0.20).  
Table 2.6 presents results from step 1 in our perceived stress analysis; we found no 
association between changes in hourly wage and changes in perceived stress in our sample (β=    





Table 2.7 presents results from step 2, in which we found no association between changes 
in perceived stress and changes in frequency of consumption of whole grain-rich foods and foods 
high in added sugars. However, we found a significant difference in the effect of time on daily 
frequency of F&V consumption across levels of stress (IRR=1.17, 95% CI [1.05 - 1.31], p=0.01, 
Table 2.7). To assist in the interpretation of our model, we calculated the adjusted means for 
daily frequency of F&V consumption at each value of the perceived stress scale at Waves 1 and 
2 (Table 2.8). We also used calculated the differences in the adjusted means of daily F&V 
frequency of consumption between Waves 1 and 2 and their associated p-values and 95% 
confidence intervals (Table 2.8). As displayed in Table 2.8, the mean daily frequency of F&V 
intake decreased for participants with lower levels of stress and increased for participants with 
higher levels of stress.   
SNAP Analyses Results 
 Figure 2.4 displays the distribution of SNAP benefit categories at Waves 1 and 2. 
Overall, there was very little change in the distribution. The most noticeable change between 
waves was in the percent of participants who did not receive SNAP benefits, which increased 
from 50.75% at Wave 1 to 54.19% at Wave 2. Results from our regression analyses indicated 
that there were no significant changes in the amount received in SNAP benefits from Wave 1 to 
Wave 2 (p=0.26). When stratified by study site, there were no significant changes in either 
Minneapolis (p=0.09) or Raleigh (p=0.33).  
Discussion 
 This study found that changes in hourly wages were not associated with changes in food 
security or changes in perceived stress in our sample of low-wage workers following one year of 
policy implementation. Additionally, we found that changes in food security were not associated 





added sugars over the same time period. Similarly, changes in perceived stress were not 
associated with changes in frequency of consumption of whole grain-rich foods and foods high 
in added sugars. However, we found that participants with lower levels of perceived stress 
decreased their daily frequency of F&V consumption from Wave 1 to Wave 2, whereas 
participants with higher levels of perceived stress increased their F&V consumption from Wave 
1 to Wave 2. These results were not consistent with our hypothesis, as we hypothesized that 
participants with lower levels of stress would increase their F&V consumption across time.  
There are several potential reasons as to why our results from the perceived stress 
analysis were not as hypothesized for the F&V food group. First, it is likely that many factors, 
not just hourly wages, are influencing stress in our sample of low-wage workers. Perhaps a 
different factor, such as physical health, improved among Wages participants from Wave 1 to 
Wave 2, leading to decreased stress, causing participants to be less stringent about their F&V 
intake and replacing F&V with more expensive or luxury foods, such as meats, fish, cheeses, or 
other dairy products. However, since our diet measure did not capture intake of these food 
groups, we cannot determine whether this is the case.  
 Several factors may also explain our null results from our food security analyses. First, 
wages may not have increased enough to significantly impact food security. As stated 
previously, this study used data from only the first year of implementation of the Minneapolis 
minimum wage ordinance; perhaps after the ordinance is fully implemented, wages will have 
increased enough to significantly improve food security among low-wage workers.  
Additionally, the null food security results may be attributable to a decrease in SNAP 
benefits among participants at Wave 2. SNAP benefits inversely track with household income;74 





among participants was expected, which could have counteracted the effects of increased wages 
on improved food security. However, based on our regression analyses, we found that the 
amount of SNAP benefits received did not significantly change between Waves 1 and 2 overall 
or when stratified by city. We did measure the amount of SNAP benefits received categorically; 
it is possible that our categories did not capture small changes in SNAP benefits that may have 
occurred, and even small changes could impact food purchasing and dietary intake for low-wage 
workers. Future research should examine how increased wages impact usage of and eligibility 
for government food assistance programs, and how this, in turn, impacts stress and food security. 
 The results from our food security analyses are dissimilar to those from previously 
conducted studies. For example, Rodgers et al. found that increased hourly wages increased food 
security among low-income households, whereas our study found no association between 
changes in hourly wages over time and levels of food security after one year.18 Our results are 
most likely dissimilar from these previously conducted studies because the Minneapolis 
minimum wage ordinance has not yet been fully implemented; therefore, wages, food security, 
and subsequent dietary behaviors may not have significantly changed yet.  
The results from our perceived stress analyses are dissimilar from previously conducted 
studies such that we found no association between changes in stress and intake of sugary foods, 
whereas Jääskeläinen et al. found that stress was positively associated with consumption of 
chocolate, sweets, and light sodas.18 Additionally, we found that lower levels of perceived stress 
was associated with decreased consumption of F&V from Wave 1 to Wave 2, whereas the 
majority of experimental and observational studies have found that lower stress is associated 
with higher F&V intake.17 Again, our results are most likely discordant from previously 





implemented; analyses should be re-run at the study’s midpoint and conclusion to draw firmer 
conclusions. 
Our study has several limitations. First, the diet measure we used, the NCI DSQ dietary 
screener, assumes a standard portion size for all participants. We chose to use the NCI DSQ over 
other forms of dietary assessment (such as more comprehensive food frequency questionnaires, 
or food frequency questionnaires that query portion sizes) because it was less burdensome for 
participants, and we did not want to harm recruitment and retention by an overly burdensome 
survey. Although portion sizes could vary among participants, validation studies have shown 
close agreement when comparing mean values from nutrients and food groups between the NCI 
DSQ and 24-hour recall data (gold standard) for both males and females.48 Thus, the NCI DSQ is 
a valid tool for assessing dietary intake for the Wages Study. An additional limitation is that the 
Wages Study had considerable attrition from Wave 1 to Wave 2. However, this is not 
unexpected. This attrition rate is similar to attrition rates in other non-clinical cohort studies 
containing low-income study populations with high rates of racial/ethnic minorities.76  
This study also has several strengths. First, few prospective longitudinal studies have 
evaluated the impact of changes in hourly wages and changes in dietary intake among adults. Our 
longitudinal data from a natural experiment design allows us to track the same participants over time 
throughout the phased implementation of the Minneapolis ordinance and examine changes in dietary 
intake throughout the phased implementation. Additionally, few studies looking at the impact of wage 
increases on dietary quality have measured and assessed changes in relevant mediators. By examining 
potential mediators such as food security and stress in the context of wage increases, researchers 
and policymakers may be aided in understanding how economic policies affect dietary intake. 





pay stubs, for the majority of our sample. We could therefore calculate the precise “wage dose” 
received for each participant in the study.  
Conclusion 
 This study found that after one year of follow-up in a cohort of low-wage workers, 
changes in wages were not associated with changes in food security or perceived stress. 
Additionally, changes in food security were not associated with changes in dietary intake. We 
did find that lower levels of stress were associated with decreased F&V consumption from Wave 
1 to Wave 2, whereas higher levels of stress were associated with increased F&V consumption. 
However, results should be interpreted with caution given that the time period between Waves 1 
and 2, as well as the wage dose, was small. In future studies, we will be able to use additional 
waves of Wages data to potentially observe larger changes in wages, food insecurity, and 
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Table 2.1. Baseline characteristics of Wages participants in Minneapolis, Minnesota, and 
Raleigh, North Carolina, that will be used in analyses (n=540). 
  














Total sample 219 40.56 321 59.44 540 100.00 
Age             
     18-29 42 19.18 103 32.09 145 26.85 
     30-39 40 18.26 91 28.35 131 24.26 
     40-49 42 19.18 56 17.45 98 18.15 
     50-59 63 28.77 54 16.82 117 21.67 
     60+ 32 14.61 17 5.30 49 9.07 
     Missing 0 0.00 0 0.00 0 0.00 
Sex             
     Male 99 45.21 99 30.84 198 36.67 
     Female 116 52.97 221 68.85 337 62.41 
     Non-binary 1 0.46 1 0.31 2 0.37 
     Missing 3 1.37 0 0.00 3 0.56 
Race             
     White alone 51 23.29 37 11.53 88 16.30 
     Black or African American alone 130 59.36 264 82.24 394 72.96 
     Asian alone 2 0.91 2 0.62 4 0.74 
     Native Hawaiian or Pacific Islander 
alone 0 0.00 0 0.00 0 0.00 
     Native American or Alaskan Native 
alone 10 4.57 2 0.62 12 2.22 
     More than one race 15 6.85 8 2.49 23 4.26 
     Other 7 3.20 8 2.49 15 2.78 
     Missing 4 1.83 0 0.00 4 0.74 
Ethnicity             
     Hispanic/Latino 10 4.57 18 5.61 28 5.19 
     Non-Hispanic/Latino 203 92.69 302 94.08 505 93.52 
     Missing 6 2.74 1 0.31 7 1.30 
Education             
    Less than High School 6 2.74 3 0.93 9 1.67 
    Some High School 37 16.89 34 10.59 71 13.15 
    High School Diploma 60 27.40 138 42.99 198 36.67 
    Associate/Technical Degree 33 15.07 29 9.03 62 11.48 





    Bachelor's Degree or Higher 27 12.33 30 9.35 57 10.56 
    Missing 0 0.00 1 0.31 1 0.19 
SNAP
a
 Usage             
    Receiving SNAP 129 58.90 138 42.99 267 49.44 
a






Table 2.2. Comparison of job classification, weekly hours worked, and number of jobs worked among Wages participants at Waves 1 
































Total Sample 219 40.56 321 59.44 540 100.00 219 40.56 321 59.44 540 100.00 
Number of Participants 
Working More than 1 Job 
30 13.70 39 12.15 69 12.78 18 8.22 24 7.48 42 7.78 
Average Hourly Wage ($) 10.34 1.22 9.37 1.76 9.77 1.64 12.74 4.34 10.95 3.61 11.67 4.02 
Average Weekly Hours 
Worked 
25.89 10.38 32.71 9.59 29.93 10.46 28.92 13.30 35.62 10.32 32.93 12.06 
Breakdown of Weekly 
Hours Worked                         
     0-9 9 4.11 6 1.87 15 2.78 13 5.94 8 2.49 21 3.89 
     10-19 36 16.44 21 6.54 57 10.56 23 10.50 9 2.80 32 5.93 
     20-29 84 38.36 65 20.25 149 27.59 78 35.62 40 12.46 118 21.85 
     30-39 57 26.03 103 32.09 160 29.63 37 16.89 94 29.28 131 24.26 
     40-49 30 13.70 119 37.07 149 27.59 54 24.66 149 46.42 203 37.59 
     50-59 1 0.46 0 0.00 1 0.19 3 1.37 8 2.49 11 2.04 
     60+ 1 0.46 3 0.93 4 0.74 5 2.28 9 2.80 14 2.59 
     Missing 1 0.46 4 1.25 5 0.93 6 2.74 4 1.25 10 1.85 
Job Classification
a
                         
     Food Preparation and      
     Serving Related 35 15.98 69 21.50 104 19.26 30 13.70 89 27.73 119 22.04 
     Office and Administrative  






     Building and Grounds  
     Cleaning/Maintenance 24 10.96 19 5.92 43 7.96 19 8.68 24 7.48 43 7.96 
     Healthcare Support  
     Occupations 15 6.85 25 7.79 40 7.41 25 11.42 24 7.48 49 9.07 
     Sales and Related  
     Occupations 20 9.13 29 9.03 49 9.07 18 8.22 23 7.17 41 7.59 
     Transportation and  
     Material Moving 34 15.53 31 9.66 65 12.04 9 4.11 17 5.30 26 4.81 
     Other 69 31.51 68 21.18 137 25.37 69 31.51 84 26.17 153 28.33 
     Missing 2 0.91 3 0.93 5 0.93 29 13.24 0 0.00 29 5.37 
a
Classified according to the Bureau of Labor Statistics’ guide to Standard Occupational Codes for job descriptions and the North American 






Table 2.3. Food security and perceived stress descriptive statistics among Wages participants (n=540) in Minneapolis, Minnesota, and 
Raleigh, North Carolina, from Wave 1 (baseline, 2018) to Wave 2 (2019). 
  
Minneapolis Raleigh Total 
  Wave 1 Wave 2 Wave 1 Wave 2 Wave 1 Wave 2 
  
N or  
mean 
% or  
SD 
N or  
mean 
% or  
SD 
N or  
mean 
% or  
SD 
N or  
mean 
% or  
SD 
N or  
mean 
% or  
SD 
N or  
mean 
% or  
SD 
Food Security     
                
     Food Secure 65 29.68 74 33.79 84 26.17 113 35.20 149 27.59 187 34.63 
     Food Insecure 154 70.32 145 66.21 237 73.83 208 64.80 391 72.41 353 65.37 
Perceived Stress 6.63 2.92 6.20 2.93 7.46 3.05 6.68 3.04 7.12 3.02 6.49 3.00 
Daily Frequency of Intake of:                    
     Fruits and Vegetables 3.38 2.79 3.22 2.35 3.34 2.76 3.18 2.25 3.36 2.77 3.20 2.29 
     Whole Grain-Rich Foods 1.00 0.98 1.00 0.98 0.91 1.30 0.73 0.97 0.95 1.18 0.84 0.98 
     Foods High in Added Sugars 3.27 3.55 2.71 2.41 3.32 3.11 2.99 2.58 3.30 3.30 2.88 2.51 






Table 2.4. Food security analysis step 1: Regression model displaying the longitudinal relationship between changes in hourly wage 
and the probability of being food secure among Wages participants (n=540) in Minneapolis, Minnesota, and Raleigh, North Carolina, 




95% CI p-value 
Step 1: Hourly Wage and Food Security
a
 
     
     Unadjusted Model 1.01  0.88 - 1.15 0.91 
     Adjusted Model
b
 1.05 0.89 - 1.23 0.57 
a
Models were estimated using generalized estimating equations. 
b
Models were adjusted for age, sex, race, ethnicity, birthplace, educational attainment, marital status, number of adults living in household, 
number of children living in household, whether the participant is a food service worker, whether the participant has a physical disability, whether 
the participant has a mental disability, general self reported health, health insurance status, vehicle access, whether the participant lives in 






Table 2.5. Food security analysis step 2: Regression model displaying the longitudinal relationship between changes in food security 
and frequency of consumption of various food groups among Wages participants (n=540) in Minneapolis, Minnesota, and Raleigh, 
North Carolina, from Wave 1 (baseline, 2018) to Wave 2 (2019). 
 
  





















             
     Unadjusted Model 0.98 0.83 - 1.16 0.85 1.16 0.88 - 1.51 0.29 1.17 0.94 - 1.45 0.17 
     Adjusted Model
c





Models were estimated using negative binomial regression and generalized estimating equations. 
c
Models were adjusted for age, sex, race, ethnicity, birthplace, educational attainment, marital status, number of adults living in the household, 
number of children living in the household, whether the participant is a foodservice worker, whether the participant has a physical disability, 
whether the participant has a mental disability, general self-reported health, health insurance status, vehicle access, whether the participant lives in 
Minneapolis or Raleigh, the timing (in weeks) of the participant’s data collection appointment relative to the minimum wage increase, BMI, 






Table 2.6. Perceived stress analysis step 1: Regression model displaying the longitudinal relationship between changes in hourly wage 
and perceived stress among Wages participants (n=540) in Minneapolis, Minnesota, and Raleigh, North Carolina, from Wave 1 




95% CI p-value 
Step 1: Hourly Wage and Perceived Stress
a
 
     
     Unadjusted Model 0.03  -0.10 - 0.17 0.66 
     Adjusted Model
b
 -0.03 -0.16 - 0.11 0.70 
a
Models were estimated using linear regression and generalized estimating equations. 
b
Models were adjusted for age, sex, race, ethnicity, birthplace, educational attainment, marital status, number adults living in  
the household, number of children living in the household, job classification, whether the participant has a physical disability, 
health insurance status, whether the participant lives in Minneapolis or Raleigh, the timing of the participant’s data collection  







Table 2.7. Perceived stress analysis step 2: Regression model displaying the longitudinal relationship between changes in perceived 
stress and frequency of consumption of various food groups among Wages participants (n=540) in Minneapolis, Minnesota, and 
Raleigh, North Carolina, from Wave 1 (baseline, 2018) to Wave 2 (2019). 
  





















             
     Unadjusted Model 1.01 0.99 - 1.04 0.21 1.01 0.96 - 1.05 0.81 0.98 0.95 - 1.01 0.20 
     Adjusted Model
c





Models were estimated using negative binomial regression and generalized estimating equations. 
c
Models were adjusted for age, sex, race, ethnicity, birthplace, educational attainment, marital status, number adults living in the household, 
number of children living in the household, job classification, whether the participant has a physical disability, health insurance status, whether the 
participant lives in Minneapolis or Raleigh, the timing (in weeks) of the participant’s data collection appointment relative to the minimum wage 
increase, BMI, pregnancy status, smoking status, and physical activity.  







Table 2.8. Estimated daily averages of frequency of F&V consumption at each level of perceived stress among Wages participants 
(n=540) in Minneapolis, Minnesota, and Raleigh, North Carolina, from Wave 1 (baseline, 2018) to Wave 2 (2019).  
Perceived Stress  
(PSS-4) value 
  












Change p-value 95% CI 




 0.00 -1.94 -0.41 
0.5  3.94 3.06 -0.88 0.00 -1.46 -0.30 
1 (almost never)  3.73 3.13 -0.60 0.01 -1.03 -0.15 
1.5  3.52 3.21 -0.31 0.08 -0.68 0.04 
2 (sometimes)  3.33 3.28 -0.05 0.79 -0.42 0.32 
2.5  3.15 3.36 0.21 0.38 -0.26 0.67 
3 (fairly often)  2.98 3.43 0.45 0.14 -0.14 1.06 
3.5  2.81 3.51 0.70 0.07 -0.06 1.46 
4 (often)  2.66 3.59 0.93 0.05 0.01 1.86 
 
a
Means were estimated from the adjusted negative binomial regression model in the perceived stress step 2 analysis using Stata’s margins 
command. 
b
An interpretation of this would be: on average, participants with a PSS-4 score of 0 at Wave 1 were predicted to consume F&V 4.17 times per 
day.  
c
An interpretation of this would be: on average, the mean daily frequency of consumption of F&V decreased by 1.18 times per day from Wave 1 





Large Businesses  
(>100 employees) 
Small Businesses  
(≤100 employees) 
2017 $9.50 $7.75 
January 1, 2018 
(Wages Study baseline (Wave 1) data collection 
begins) 
$10.00 No increase 
July 1, 2018 $11.25 $10.25 
July 1, 2019 
(Wages Study Wave 2 data collection begins) 
$12.25 $11.00 
July 1, 2020 
(Wages Study Wave 3 data collection begins) 
$13.25 $11.75 
July 1, 2021 
(Wages Study Wave 4 data collection begins) 
$14.25 $12.50 
July 1, 2022 
(Wages Study Wave 5 data collection begins) 
$15.00* $13.50 
July 1, 2023 $15.00* $14.50 
July 1, 2024 $15.00* 
$15.00* 
(Equal to Large 
Businesses) 
 
Figure 2.1. Scheduled implementation of hourly wage increases in the city of Minneapolis, and 
the corresponding Wages Study data collection time points. 
 





















Figure 2.4. Distribution of amount received in SNAP benefits among Wages participants 
(n=540) in Minneapolis, Minnesota, and Raleigh, North Carolina, in Wave 1 (baseline, 2018) 

















Supplemental Table 2.1. Comparison of selected characteristics of Wages participants who 
completed a Wave 2 appointment (n=655) compared to Wages participants who did not (n=319). 
  
Total Enrolled Sample 
(n=974) 
  



















Total sample 655 67.25 319 32.75 - 
Average hourly wage ($) 9.87 1.67 9.87 1.80 0.96 
Age         
0.23 
     18-29 162 24.73 81 25.39 
     30-39 149 22,75 79 24.76 
     40-49 113 17.25 66 20.69 
     50-59 164 25.04 62 19.44 
     60+ 67 10.23 30 9.40 
     Missing 0 0.00 1 0.31 
Sex         
<0.01* 
     Male 251 38.32 172 53.92 
     Female 394 60.15 144 45.14 
     Non-binary 4 0.61 1 0.31 
     Missing 6 0.92 2 0.63 
Race         
0.09 
     White alone 101 15.42 35 10.97 
     Black or African American alone 473 72.21 226 70.85 
     Asian alone 4 0.61 0 0.00 
     Native Hawaiian or Pacific Islander  
     alone 1 0.15 1 0.15 
     Native American or Alaskan Native  
     alone 18 2.75 11 3.45 
     More than one race 30 4.58 24 7.52 
     Other 22 3.36 19 5.96 
     Missing 6 0.92 3 0.94 
Ethnicity         
0.22 
     Hispanic/Latino 30 4.58 22 6.90 
     Non-Hispanic/Latino 612 93.44 288 90.28 
     Missing 13 1.98 9 2.82 
 
105 
Education         
0.24 
    Less than High School 15 2.29 7 2.19 
    Some High School 90 13.74 53 16.61 
    High School Diploma 237 36.18 133 41.69 
    Associate/Technical Degree 74 11.30 28 8.78 
    Some College 170 25.95 69 21.63 
    Bachelor's Degree or Higher 65 9.92 25 7.84 
    Missing 4 0.61 4 1.25 
SNAP
b Usage         
0.21 
    Receiving SNAP 326 49.77 176 55.17 
    Not receiving SNAP 313 47.79 132 41.38 
    Not sure 5 0.76 5 1.57 
    Missing 11 1.68 6 1.88 
a
P-values are based on chi-square tests of significance comparing baseline values from those who 
returned for a Wave 2 appointment versus those who did not, including missing. 
b
Supplemental Nutrition Assistance Program 





Supplemental Table 2.2. Results from unadjusted logistic regression models displaying the 
associations between key variables in the present study’s analyses and whether or not an 




95% CI p-value 
Hourly Wage 1.00 0.93 - 1.08 0.96 
Perceived Stress 1.04 0.99 - 1.09 0.11 
Food Security 1.23 0.90 - 1.70 0.20 
Daily Frequency of Consumption of Fruits and Vegetables 1.00 0.95 - 1.06 0.90 
Daily Frequency of Consumption of Whole Grain-Rich 
Foods 1.14 0.99 - 1.31 0.06 
Daily Frequency of Consumption of Foods High in Added 




CHAPTER 3: CONTEXTUALIZING NULL FINDINGS FROM DIETARY ANALYSES 
AFTER THE FIRST YEAR OF IMPLEMENTATION OF THE MINNEAPOLIS 
MINIMUM WAGE ORDINANCE. 
Introduction 
Minimum wage ordinances primarily aim to improve the economic well-being of lower-
wage workers, but minimum wage increases may also improve health outcomes for workers.1 
For example, higher wages may allow workers to afford better quality goods and services, 
including higher quality food and water, cleaner and safer neighborhoods, gym memberships, 
and health care.1,2 Additionally, as healthier foods (e.g., fruits and vegetables (F&V), lean meats, 
and foods high in fiber) are often more expensive than less healthful foods (e.g., processed foods, 
simple carbohydrates, saturated fat, and added sugars),3-7 higher wages may enable workers to 
follow a more healthful dietary pattern. Additionally, given that income is positively associated 
with food security8,9 and inversely associated with perceived stress,10,11 higher wages may 
improve food security and reduce stress for low-wage workers.  
In June 2017, Minneapolis, Minnesota (MN) passed an ordinance that will incrementally 
increase the minimum wage above the state level to $15 an hour, from $9.50 per hour for all 
businesses with greater than 100 employees, and from $7.75 per hour in smaller businesses.12 
The incremental annual wage increase must be fully implemented by July 1st, 2022 for large 
businesses and two years later for small businesses12 (Figure 3.1). 
The Wages Study follows a cohort of low-wage workers over the 4.5-year 
implementation period of the Minneapolis minimum wage increase. The study collects annual 
measures of economic indicators, health behaviors, and relevant mediators in a sample of 974 
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low-wage workers in Minneapolis (n=495) and in a control site (Raleigh, North Carolina (NC), 
n=479) to determine whether the ordinance improves earnings and health outcomes for workers.  
Previously, our research team conducted two analyses using the first two waves of Wages 
data. The first analysis examined whether the Minneapolis minimum wage policy increased 
hourly wages after its first year of implementation.13 We also assessed whether the policy was 
associated with changes in dietary intake after the first year of implementation.13 We found that 
after one year, the average hourly wage increased in both Minneapolis (+$2.41) and Raleigh 
(+$1.57).13 However, after the first year of implementation, the policy was not associated with 
changes in consumption fruits and vegetables (F&V), whole grain-rich foods, or foods high in 
added sugars.13  
Our second analysis examined whether changes in hourly wages were associated with 
changes in food security and changes in perceived stress after the first year of implementation of 
the Minneapolis minimum wage ordinance.14 We also assessed whether changes in food security 
and changes in perceived stress were associated with changes in dietary intake among low-wage 
workers.14 We found that after one year of implementation of the Minneapolis minimum wage 
ordinance, changes in wages were not associated with changes in food security or perceived 
stress in our sample of low-wage workers.14 Additionally, changes in food security were not 
associated with changes in consumption of F&V, whole grain-rich foods, or foods high in added 
sugars.14 However, we found that changes in perceived stress were associated with frequency of 
F&V intake, but in the opposite direction that we hypothesized, such that a 1-point decrease in 
perceived stress from Wave 1 to Wave 2 was associated with a 4% lower rate of daily frequency 
of F&V consumption, rather than a higher rate of F&V intake as we had hypothesized.14  
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To contextualize and better understand our results from these two quantitative analyses, 
we conducted an additional analysis using semi-structured interview data from a qualitative sub-
study nested within the Wages Study. This qualitative sub-study was funded by Tufts 
University/University of Connecticut (UConn) Research Innovation and Development Grants in 
Economics (RIDGE) Program. In 2019, the Tufts/UConn RIDGE Program issued a request for 
proposals for economic research aimed at enhancing food security and dietary quality for low-
income Americans through federal nutrition assistance programs. Capitalizing on their existing 
cohort, the Wages investigators submitted a proposal and received RIDGE funding for a Wages 
qualitative sub-study.  
The Wages team conducted the sub-study during the summer of 2019 with a subset of 
112 Wages participants (n=56 Minneapolis participants and n=56 Raleigh participants). The 
primary aim of the sub-study was to 1) understand perspectives about current and future 
eligibility for Supplemental Food and Nutrition Assistance Program (SNAP) benefits in two 
policy contexts (Minneapolis, MN and Raleigh, NC), and 2) to explore how, if at all, these 
perspectives affect decisions regarding employment, financial planning and spending decisions.  
The aim of the present study is to use qualitative data from the sub-study to understand 
why, after one year of policy implementation, our results were null for our two previous 
quantitative analyses. Specifically, our research question is: why did we find significant 
increases in hourly wages among our sample of low-wage workers after the first year of 
implementation of the Minneapolis minimum wage ordinance, but no subsequent changes in 
food security, stress, or dietary intake? Of note, the sub-study’s interview questions were not 
created to address the present study’s research question. However, the interview data will be 
useful for addressing our research question because it provides rich descriptions of Wages 
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participants’ experiences with and perspectives on minimum wage policies, as well as other 
personal, social, and environmental factors that influence their economic and health behaviors. 
Methods 
Study Population 
The present study uses interview data from a qualitative sub-study nested within the 
Wages Study. Wages participants were checked for eligibility into the sub-study and were 
invited to participate in the sub-study at their Wages Study Wave 2 appointment in the summer 
of 2019. An interviewer subsequently followed up with the participants to conduct the interview 
over the phone. Participants in the qualitative study met all Wages baseline eligibility criteria, 
and in addition, at Wave 2 were either: (1) current SNAP participants or (2) enrolled in SNAP at 
baseline but no longer participating. The first people with Wave 2 appointments who met either 
of these two criteria were invited to enroll. 127 participants were invited to participate to ensure 
that at least 100 interviews were completed. Of those invited, no one declined to participate, but 
6 could ultimately not be reached for an interview, yielding a participation rate of 95%. 
Interviews were conducted in English and Spanish. Participants received a $50 incentive for their 
time (approximately 30 minutes). 
Although 121 participants enrolled in the sub-study, due to a malfunction of the audio 
recorder, 8 interviews (5 in Raleigh, 3 in Minneapolis) were recorded improperly and were not 
able to be transcribed. In addition, one participant who consented to participate reported to be 
eligible for the study in screening questions, but after further questioning, was ultimately not 




Sub-study Interview Guide 
 The Wages research team developed the sub-study interview guide in partnership with a 
Community Advisory Board (CAB) during the spring of 2019. CAB members included local 
stakeholders for the larger Wages minimum wage study and representatives from social service 
agencies, city and state public health departments, and community liaison consultants in 
Minneapolis and Raleigh. CAB members received the sub-study aims and sample questions for 
three segments of the interviews: (1) changes in SNAP benefits, (2) household finances, and (3) 
local SNAP and minimum wage policy perceptions. During a series of meetings, the CAB 
assisted the research team with the wording and ordering of questions, the flow of the interview 
guide, and the use of terminology that was likely to be familiar to participants. The research team 
then finalized the interview guide, which is presented in Appendix 1. The interview guide 
includes questions such as: “How are you feeling about your finances right now?” and “What 
income support programs are the most helpful to you?” 
Analysis 
Interviews were audio-recorded and transcribed by a professional transcription service. 
Following transcription, interview transcripts were uploaded to NVivo (version 12, 2018, QSR 
International, Doncaster, Australia). Transcripts were coded using a collaborative, multistage 
review process informed by social constructionist grounded theory. This theoretical approach 
allowed for themes to emerge that were "grounded" in the data, while also taking into account 
what was known from other published work, and how the researchers were influenced by the 
social conditions in which they worked.15 A codebook of major themes related to the sub-study 
research questions was created through discussion and consensus building. All 112 transcripts 
were then coded using this finalized codebook. Inter-rater reliability was established through the 
collaborative process of coding and review, with consensus building used to resolve differences 
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in the team. After all transcripts were coded, the research team generated a comprehensive 30-
page data report. This detailed report provided numerous illustrative quotes and summarized the 
major themes and sub-themes that emerged from the interview data. 
Results 
 Table 3.1 presents demographic information for the 112 sub-study participants. The 
majority of participants were black or African American, non-Hispanic, and had received at least 
a high school diploma or higher. Age was distributed relatively evenly across the sample. The 
average wage for sub-study participants at their Wages Wave 1 (baseline) appointment was 
$10.66 per hour in Minneapolis and $9.38 per hour in Raleigh. The average number of weekly 
hours worked at Wave 1 was 24.78 hours per week in Minneapolis and 31.16 hours per week in 
Raleigh. 
Table 3.2 compares the baseline demographic information for the sub-study participants 
to the baseline demographic information for Wages participants from our two previously 
conducted quantitative analyses. This table was included to demonstrate how the sub-study 
sample may differ from the Wages sample used in our previous two analyses. The samples were 
mostly similar, except sub-study participants were slightly older, and a higher percentage of sub-
study participants reported receiving SNAP at baseline (which was due to the sub-study’s 
recruitment criteria).  
Three themes emerged from the interview data that were relevant for understanding why 
our results may have been null from our two previously conducted dietary analyses. First, 
participants are struggling to make ends meet and are unable to afford basic needs (such as food 
and housing). Second, participants rely heavily on SNAP to purchase food, but they are 
experiencing frequent and unexpected changes in the amount of SNAP benefits they receive. 
Third, participants reported that hypothetical additional income would be spent on meeting basic 
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needs, such as food, rent, and utilities. Table 3.3 summarizes these themes and provides 
illustrative quotes for each theme. The following sections describe the identified themes in more 
detail.  
Theme 1: Participants Cannot Afford to Meet Their Basic Needs. 
 The most striking theme that emerged from the sub-study interview data is that 
participants were unable to meet their basic needs (food and housing were discussed most often). 
For example, participants stated: 
I don’t make enough to—to feed me and my family. (R409) 
 
I’m just praying that my finances could get better. Right now, living check to check it’s 
like, my rent was due on the first, but he gave us to the 15th to pay, so I’m praying and 
hope by the 15th, I have a little money on my check to cover my rent. So, yeah, I’m 
working check to check. It’s-it’s sad, but it’s true. (R116) 
 
Participants frequently discussed their inability to pay their bills and feed their families, and they 
were often forced to choose between basic living expenses such as food, rent, utilities and 
healthcare. Additionally, some participants shared that in order to pay for food, they had to 
forego payment of other bills.  
It all becomes a game of Russian roulette, so to speak. So you decide which bills get paid 
and which bills don't. And you try to, like, play beat the rat race, beat the bullet. You try 
to manage purchasing food and being able to survive day to day. And at the same time, 
you have to let a bill go over sometimes. Two bills go by a month before you're able to 
pay it or get caught up with it. (M302) 
 
Participants also described feeling scared and worried about making ends meet, and felt they 
were completely at the mercy of the economic systems in place. Several participants even 
described the current economic system as a form of modern-day slavery that has led to the 
continuation of corruption and suffering among marginalized people. 
I feel trapped, I don't know. I call it an economic prison system. By design, corrupt 
banking system. This country was founded on slavery, built on slavery and nothing's 





I'm very worried. I'm very scared day to day. I'm-I'm doing everything I can to get back 
into the workforce, and everything I can, in the meantime, to make as much money as I 
can to try to cover all the bills. (R088) 
 
Additionally, one participant felt they would have to resort to begging or stealing to make ends 
meet: 
I'll have to, you know, beg, borrow, and steal, or do whatever I got to do to make sure 
that that need is met when the situation arrives or next month, you know, be able to 
hopefully negotiate a better option to have yourself to kick it off or having to give up 
something. (M302) 
 
To help meet their basic needs, participants relied heavily on community forms of assistance, 
such as church clothing and food drives and food banks. All but a few of the study participants 
reported using food banks.  
And then we had the local church that also had a-a food shelf. They had a clothing drive 
that they did. And then back-to-school time, they would have an event where they would 
give out a backpack and some of the basic essentials to help with kids going back to 
school and stuff. Because that got costly as well, where it was something that having 
three teenagers all in high school added up really quickly. (M172) 
 
Theme 2: Participants Rely on SNAP to Purchase Food, but they Experience Frequent, 
Unexpected Reductions in their SNAP Benefits. 
 Participants relied heavily on their SNAP benefits to purchase food for themselves and 
their families. However, many participants experienced frequent reductions in their SNAP 
benefits: 
I went from 357 to 248 and now they have dropped me down to 212. So I’ve seen changes 
in the—yeah that’s in the last three times that I’ve had to recertify. These changes… And 
I’m pretty sure, when I go back for my six-month, they’re going to change it—they’re 
probably going to cut it again. (R059) 
 
These reductions occurred for various reasons, such as employment changes or changes in the 
amount of hours worked. Most participants explained that they did not know their SNAP benefits 
would be cut, and they therefore could not adequately prepare and adjust their budgets for these 
reductions.   
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I wasn’t prepared. I just took day by day and had some support with family. You don’t 
prepare for something like this. …you’re never prepared for something like this. (R519) 
 
Not at all. I mean, you just think what you get. You can’t really do anything about it, you 
just have to adjust to shopping differently. (M134) 
 
Participants discussed multiple consequences of these unexpected reductions in their SNAP 
benefits. For example, many participants stated that when their SNAP benefits were reduced, 
they did not have enough money for groceries. An additional consequence was that participants 
could not afford to pay their other monthly expenses, such as utilities or healthcare, because they 
had to unexpectedly divert more of their budget toward food: 
We wasn’t ready to prepare for it because, like I said, we was really—we kept going 
down there talking to the caseworker trying to get them to up it because, you know, you 
got to pay bills. It’s like, if you take away money from your bills to put in food, now you 
like, “You got food, but you can’t cook it if the lights off. You can’t cook if you don’t have 
no water.” (R380) 
I have a $400 check or a $600 check, so I have to pay this bill and this bill. But one bill 
would have to be short because I have to take that and get some food. (M144) 
Theme 3: Additional Income would be Spent on Meeting Basic Needs.  
 Participants explained the hypothetical spending changes they would make if they 
received additional income. Most participants stated that additional income would be spent on 
meeting their basic needs, such as food, rent, and utilities. The majority of participants were not 
concerned with purchasing healthier food; rather, they were concerned about purchasing enough 
food:  
What would I do with extra money? I would make sure there was free food in my house, 
which I make sure that they eat real good in here anyway. (M330) 
Several participants mentioned that they would use the additional income purchase healthier 
food, but it was still within the context of purchasing more food:  
Well, I know that I could go to the grocery store and buy more groceries, eat more healthy. I 
could pay my bills like I’m supposed to, and my life would be less stressful. I could go out to 
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eat every now and again. I might be able to have a little bit more pleasure, rather than 
stressing out over bills. (R101) 
Participants also frequently responded that they would be able to spend more on their families, or 
for small items they considered luxuries: 
I would have to see, after we paid everything, and maybe—I always go to the thrift stores. 
Maybe I can buy a new blouse, instead of a used one. You know. Or, new shoes. Yeah. 
because everybody deserves something new. (M130) 
But the situation is, extra money would go in the right place, and do the right thing with it in 
my family. That’s the way it would go. (M330) 
 
Discussion 
This study used qualitative data from the Wages sub-study to understand why we found 
significant increases in hourly wages after the first year of implementation of the Minneapolis 
minimum wage ordinance, but no subsequent changes in food security, stress, or dietary intake in 
our previous quantitative analyses. From our analysis of the qualitative data, we found that low-
wage workers struggled to meet their basic needs despite experiencing an increase in wage. 
Although we hypothesized that as wages increased, participants would increase the amount of 
healthier foods they consumed, these qualitative results suggest that additional income would be 
spent on meeting basic needs such as food, rent, and utilities, and not on healthier foods. 
Moreover, participants reported frequent and unexpected changes in their SNAP benefits, which 
may further explain why we did not find any changes in outcomes via our quantitative analyses. 
The extremely high financial need noted by participants is perhaps why we did not find 
changes in diet, food security, or perceived stress in our previous two analyses. Participants’ 
finances are so strained, that although wages did increase in both Minneapolis and Raleigh after 
one year of the Minneapolis minimum wage ordinance, this increase was not enough to make a 
significant difference in participants’ abilities to purchase enough food (let alone healthier food), 
pay their rent, and afford other basic needs. Additionally, the majority of participants in both 
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cities still used charitable and community assistance programs (e.g., food banks, church clothing 
drives) despite wages increasing. This demonstrates the high need that still exists in the 
population of workers affected by this ordinance, despite the increase in wages. 
Participants experiences with frequent and unexpected changes in their SNAP benefits 
impact their ability to purchase sufficient amounts of food and preventing them from paying 
other bills. These frequent and unplanned reductions in SNAP benefits may also explain why we 
did not find changes in dietary intake, food security, and perceived stress, despite wages 
increasing. It is unlikely that dietary intake, food security, or stress will improve if (despite wage 
increases) participants are still struggling to feed their families because their benefit levels are 
reduced. Rather than changing their spending behavior to follow a more healthful dietary pattern, 
participants report more pressing matters, such as simply purchasing sufficient amounts of food 
for their households. Perhaps once the Minneapolis minimum wage ordinance has been fully 
implemented, wages will have increased to a level for participants to be able to meet their basic 
needs and dietary intake, food security, and stress will improve. 
This analysis sheds light on the overall importance of SNAP benefits to low-wage 
workers. In our sample, workers were extremely reliant on SNAP for purchasing food for their 
households. In many cases, when participants’ employment circumstances improved (e.g., they 
were able to work more hours, received a raise, or took on a second job), their increased income 
and financial gain was offset by a decrease (and often an unexpected decrease) in SNAP benefits. 
Participants therefore did not have enough money to purchase food, and had to forego payment 
of other bills to divert more of their budget to food. This made participants feel like they could 
never “catch up,” despite increases in income and improvements in employment circumstances. 
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However, this was the experience of workers in our sample and may not represent the experience 
of all low-wage workers receiving SNAP benefits.  
The reported decreases in SNAP benefits resulting from participants’ improvements in 
employment (such as working more hours or receiving a raise) may foreshadow an adverse 
unintended consequence of minimum wage policies. While the Minneapolis participants did not 
specifically report that the minimum wage ordinance increased their wages and therefore 
decreased their SNAP benefits after the policy’s first year of implementation, they did report that 
improved circumstances with their employment (such as working more hours) increased their 
income and caused them to lose SNAP benefits, which offset the financial improvements. If 
minimum wage ordinances increase workers’ income, this may also cause them to lose SNAP 
benefits, offsetting the intended financial benefits of minimum wage ordinances. Federal 
assistance programs including SNAP should consider adjusting their policies in the context of 
minimum wage ordinances. For example, workers’ SNAP benefits could be “frozen” at a certain 
minimum level throughout the implementation (and perhaps several years after the 
implementation) of a minimum wage ordinance. 
This study has several limitations. First, because our data is qualitative, the collection of 
the interview data was heavily dependent on the skills of the individual data collectors.16 Thus, if 
the data collectors posed leading questions, failed to probe, or failed to establish rapport with 
participants, this could have decreased the quality of the data and biased interviewee’s responses. 
The Wages investigators addressed this potential limitation by training the data collectors and 
reviewing the recordings of the interviews throughout the data collection process. As the 
recordings were reviewed, the Wages team provided feedback to data collectors including ideas 
for prompts that would elicit more detail during the interviews. Additionally, both the data 
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collection and the analysis may have been influenced by the researchers’ personal biases and 
idiosyncrasies.16 Again, the Wages team addressed this potential limitation by training the data 
collectors and reviewing transcripts during the data collection process. For the analyses, we 
addressed this by using a collaborative and iterative coding process that took into account 
multiple researchers’ perspectives.  
An additional limitation is that we used data from the sub-study to contextualize findings 
from our previous analyses that used the full Wages sample, but the sub-study population may 
not be fully representative of the Wages sample. Specifically, sub-study participants may have 
higher financial need than Wages participants who did not participate in the sub-study. However, 
the average hourly wage among sub-study participants was actually higher than the average 
hourly wage in the full Wages sample ($10.02 versus $9.78 in analysis 1 and $9.77 in analysis 2, 
Table 3.2), so this is unlikely. Additionally, other economic indicators, such as the average hours 
worked each week, were similar among participants from the various analyses. Other indicators 
of socioeconomic status, such as educational attainment, were also similar among participants. 
Thus, the sub-study data is useful and valid to contextualizing results from studies that used the 
full Wages sample.  
This study also has several strengths. First, the qualitative data allowed us to get a deeper 
understanding of low-wage workers’ lived experiences and perspectives on federal assistance 
policies and their financial hardships. Second, we conducted a large number of interviews to 
ensure that a variety of viewpoints were represented. Third, we used an iterative, collaborative 
coding process when analyzing and coding the interview data, which mitigated the potential for 





The aim of this study was to analyze qualitative data from the Wages sub-study to 
contextualize findings from two previously conducted quantitative analyses with Wages 
participants. Specifically, we aimed to understand why wages increased in both Minneapolis and 
Raleigh after the first year of implementation of the Minneapolis minimum wage ordinance, yet 
there were no subsequent changes in dietary intake, food security, and perceived stress. The 
interview data demonstrated that low-wage workers’ financial need is incredibly high, and many 
are unable to meet their basic needs, such as purchasing enough food and paying their rent. 
Additionally, participants are reliant on their SNAP benefits for purchasing food, but they 
experience frequent and unexpected changes in those benefits, which offsets increases in wage 
and prevents participants from escaping financial hardship. Thus, despite wages increasing, it is 
likely that dietary intake, food security, and perceived stress did not improve because 
participants are still struggling to feed their families and meet other basic needs. Rather than 
trying to follow a more healthful dietary pattern, participants are more concerned about 
purchasing sufficient amounts of food for their households, paying their rent, and paying other 
bills. It may be that more time and a higher “dose” of a wage increase are necessary before 
improvements in well-being can be detected. Further, policy changes to hold SNAP benefits 
constant for a set time during a minimum wage ordinance’s implementation may be necessary 
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Table 3.1. Baseline characteristics of Ridge participants in Minneapolis, Minnesota, and 
Raleigh, North Carolina (n=112). 
  














Total sample 56 50.00 56 50.00 112 100.00 
Average hours worked per week 24.78 9.29 31.16 9.15 27.78 9.81 
Average hourly wage ($) 10.66 1.17 9.38 1.47 10.02 1.47 
Age             
     18-29 8 14.29 9 16.07 17 15.18 
     30-39 11 19.64 19 33.93 30 26.79 
     40-49 11 19.64 14 25.00 25 22.32 
     50-59 16 28.57 12 21.43 28 25.00 
     60+ 10 17.86 2 3.57 12 10.71 
     Missing 0 0.00 0 0.00 0 0.00 
Sex             
     Male 25 44.64 16 28.57 41 36.61 
     Female 30 53.57 40 71.43 70 62.50 
     Non-binary 0 0.00 0 0.00 0 0.00 
     Missing 1 1.79 0 0.00 1 0.89 
Race             
     White alone 13 23.21 6 10.71 19 16.96 
     Black or African American alone 33 58.93 47 83.93 80 71.43 
     Asian alone 0 0.00 0 0.00 0 0.00 
     Native Hawaiian or Pacific Islander alone 0 0.00 0 0.00 0 0.00 
     Native American or Alaskan Native alone 5 8.93 0 0.00 5 4.46 
     More than one race 2 3.57 1 1.79 3 2.68 
     Other 1 1.79 2 3.57 3 2.68 
     Missing 2 3.57 0 0.00 2 1.79 
Ethnicity             
     Hispanic/Latino 2 3.57 2 3.57 4 3.57 
     Non-Hispanic/Latino 52 92.86 53 94.64 105 93.75 
     Missing 2 3.57 1 1.79 3 2.68 
Education             
    Less than High School 2 3.57 0 0.00 2 1.79 
    Some High School 12 21.43 9 16.07 21 18.75 
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    High School Diploma 13 23.21 19 33.93 32 28.57 
    Associate/Technical Degree 10 17.86 6 10.71 16 14.29 
    Some College 15 26.79 12 21.43 27 24.11 
    Bachelor's Degree or Higher 4 7.15 10 17.86 14 12.50 
    Missing 0 0.00 0 0.00 0 0.00 
SNAP
a
 Usage             
    Receiving SNAP 48 85.71 48 85.71 96 85.71 
a




Table 3.2. Comparison of baseline characteristics of Wages participants and Ridge sub-study 

































Total sample 603 100.00 540 100.00 112 100.00 
Average hours worked per week 29.88 12.68 30.29 12.79 27.78 9.81 
Average hourly wage ($) 9.78 1.60 9.77 1.64 10.02 1.47 
Age             
     18-29 157 26.04 145 26.85 17 15.18 
     30-39 139 23.05 131 24.26 30 26.79 
     40-49 105 17.41 98 18.15 25 22.32 
     50-59 146 24.21 117 21.67 28 25.00 
     60+ 56 9.29 49 9.07 12 10.71 
     Missing 0 0.00 0 0.00 0 0.00 
Sex             
     Male 228 37.81 198 36.67 41 36.61 
     Female 368 61.03 337 62.41 70 62.50 
     Non-binary 4 0.66 2 0.37 0 0.00 
     Missing 3 0.50 3 0.56 1 0.89 
Race             
     White alone 98 16.25 88 16.30 19 16.96 
     Black or African American alone 433 71.81 394 72.96 80 71.43 
     Asian alone 4 0.66 4 0.74 0 0.00 
     Native Hawaiian or Pacific Islander  
     alone 1 0.17 0 0.00 0 0.00 
     Native American or Alaskan Native  
     alone 17 2.82 12 2.22 5 4.46 
     More than one race 26 4.31 23 4.26 3 2.68 
     Other 20 3.32 15 2.78 3 2.68 
     Missing 4 0.66 4 0.74 2 1.79 
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Ethnicity             
     Hispanic/Latino 30 4.98 28 5.19 4 3.57 
     Non-Hispanic/Latino 565 93.70 505 93.52 105 93.75 
     Missing 8 1.33 7 1.30 3 2.68 
Education             
    Less than High School 13 2.16 9 1.67 2 1.79 
    Some High School 83 13.76 71 13.15 21 18.75 
    High School Diploma 219 36.32 198 36.67 32 28.57 
    Associate/Technical Degree 67 11.11 62 11.48 16 14.29 
    Some College 159 26.37 142 26.30 27 24.11 
    Bachelor's Degree or Higher 60 9.95 57 10.56 14 12.50 
    Missing 2 0.33 1 0.19 0 0.00 
SNAP
a
 Usage             
    Receiving SNAP 287 47.60 267 49.44 96 85.71 
a








Table 3.3. Summary of themes and illustrative quotes for the current qualitative analysis using Ridge data (n=112). 
Theme Sample Quotes 
Theme 1: 
Participants cannot afford to meet their basic needs. 
I don’t make enough to—to feed me and my family. (R409) 
I go to the food banks to get food and, but I think our Catholic— 
not Catholic site, a religion helped pay my light bill last month 
because I had got behind and they helped pay for one month. 
(R204) 
I’m just praying that my finances could get better. Right now,  
living check to check it’s like, my rent was due on the first, but he 
gave us to the 15th to pay, so I’m praying and hope by the 15th, I 
have a little money on my check to cover my rent. So, yeah, I’m 
working check to check. It’s-it’s sad, but it’s true. (R116) 
Because everything that they’re building and everything, we’re  
paying more money, but we’re not getting the money, you know. 
We just get a check or something, and barely surviving. Can’t pay 
the bills off that. (M374) 
It all becomes a game of Russian roulette, so to speak. So you 
decide which bills get paid and which bills don't. And you try to, 
like, play beat the rat race, beat the bullet. You try to manage 
purchasing food and being able to survive day to day. And at the 
same time, you have to let a bill go over sometimes. Two bills go 
by a month before you're able to pay it or get caught up with it. 
(M302) 
Theme 2: 
Participants rely on SNAP to purchase food, but they  
experience frequent, unexpected reductions in their  
SNAP benefits. 
I went from 357 to 248 and now they have dropped me down to  
212. So I’ve seen changes in the—yeah that’s in the last three 
times that I’ve had to recertify. These changes… And I’m pretty 
sure, when I go back for my six-month, they’re going to change 







I wasn’t prepared. I just took day by day and had some support 
 with family. You don’t prepare for something like this. …you’re 
never prepared for something like this. (R519) 
Not at all. I mean, you just think what you get. You can’t really  
do anything about it, you just have to adjust to shopping 
differently. (M134) 
We wasn’t ready to prepare for it because, like I said, we was 
really—we kept going down there talking to the caseworker 
trying to get them to up it because, you know, you got to pay bills. 
It’s like, if you take away money from your bills to put in food, 
now you like, “You got food, but you can’t cook it if the lights 
off. You can’t cook if you don’t have no water.” (R380) 
I have a $400 check or a $600 check, so I have to pay this bill and 
this bill. But one bill would have to be short because I have to 
take that and get some food. (M144) 
Theme 3:  
Additional income would be spent on meeting basic needs.  
I would have to see, after we paid everything, and maybe—I  
always go to the thrift stores. Maybe I can buy a new blouse, 
instead of a used one. You know. Or, new shoes. Yeah. because 
everybody deserves something new. (M130) 
What would I do with extra money? I would make sure there was  
free food in my house, which I make sure that they eat real good 
in here anyway. M330 
Well, I know that I could go to the grocery store and buy more  
groceries, eat more healthy. I could pay my bills like I’m 
supposed to, and my life would be less stressful. I could go out to 
eat every now and again. I might be able to have a little bit more 





Large Businesses  
(>100 employees) 
Small Businesses  
(≤100 employees) 
2017 $9.50 $7.75 
January 1, 2018 
(Wages Study baseline (Wave 1) data 
collection begins) 
$10.00 No increase 
July 1, 2018 $11.25 $10.25 
July 1, 2019 
(Wages Study Wave 2 data collection begins) 
$12.25 $11.00 
July 1, 2020 
(Wages Study Wave 3 data collection begins) 
$13.25 $11.75 
July 1, 2021 
(Wages Study Wave 4 data collection begins) 
$14.25 $12.50 
July 1, 2022 
(Wages Study Wave 5 data collection begins) 
$15.00* $13.50 
July 1, 2023 $15.00* $14.50 
July 1, 2024 $15.00* 
$15.00* 
(Equal to Large 
Businesses) 
 
Figure 3.1. Scheduled implementation of hourly wage increases in the city of Minneapolis, and 
the corresponding Wages Study data collection time points. 
 




APPENDIX 1. RIDGE INTERVIEW GUIDE  
Wages Qualitative Question Guide  
Study design (brief overview) 
100 total interviews, 50 in Minneapolis, 50 in Raleigh. 30 minute interviews.  
Two groups of participants 
Group A (N=60): Participated in SNAP during baseline data collection (April - Oct. 2018) and 
participate in SNAP now, during T2 data collection (July - Dec 2019) 
 
Group B (N=40): Participated in SNAP during baseline data collection (April - Oct. 2018) and 
DO NOT participate in SNAP now, during T2 data collection (July - Dec 2019) 
 
Introduction to the Interview: 
Today, I’ll be asking about your experiences with income support programs like food stamps 
also called, SNAP.  
 
[MINNEAPOLIS] As you may know, the minimum wage is going up in Minneapolis and some 
workers have been nervous about this affecting their eligibility or monthly amounts from income 
support programs like food stamps. We hope to understand how you are feeling and what 
thoughts you have about this, and other parts of your life that could change as the minimum 
wage is going up.  
 
[RALEIGH] Lots of things can affect eligibility for income support programs, in Raleigh some 
changes were recently made to the food stamps program that may change whether or not you or 
others using these programs are required to work while receiving this support. We’re interested 
to know about your experience with income support programs generally, and if any new policies 
have changed anything about this experience.   
 
The interview takes 30-45 minutes.  Although we know your name because you also participate 
in the Wages study, I’m not asking you to state your name or any identifying information during 
the interview, so that information will not be tied to your responses in this interview. We will not 
publish your responses here, but we will combine them with the responses from other people 
interviewed to help describe what would be the best way to help families make ends meet. We 
can’t promise that these interviews will lead to any changes to programs, but we want to be sure 
leaders have a good sense of what people feel would be most helpful to them. We really want to 
understand your experiences, we are not judging you and by being honest, you can make sure we 
understand the whole picture. I will audio record this interview so I’m sure I can remember what 
you tell me, I will let you know when I am pressing record and then I will not ask you to say any 
identifying information during the recording.  This is also voluntary, so of course it is up to you 
whether or not you do the interview. And, if there’s a question I ask that you’re not comfortable 
answering, we can skip it, just feel free to tell me that you’d like to go to the next question.  




Introductory Questions MINNEAPOLIS ONLY:  
• What have you heard about the minimum wage policy? 
• How do you think this increase in wages will affect your community? 
Funding Aims and potential questions: 
Aim1: To understand perspectives (what the person themselves thinks/knows, as well as what 
they hear from others) about current and future eligibility for SNAP benefits in two policy 
contexts, using semi-structured interviews among SNAP participants and potential participants. 
 
Question Ideas  
● Tell me about your experience getting food, is it hard right now?  
● How did you first hear about SNAP? (friends, family, co workers, government, media?) 
How did you find out if you are or were eligible? 
● What kinds of things does/did the SNAP program help you to buy?  
Additional questions for Group B 
● If you were using SNAP and are not now, why? What changed so that you are no longer 
using SNAP benefits? 
● If you wanted to start using SNAP again, would you know how to re-enroll? 
 
Aim 2: In the same context as Aim 1, to explore how, if at all, these perspectives affect decisions 
regarding household employment (current employment status), major asset purchases, and 
savings. 
 
● How are you feeling about your finances right now? 
● What income support programs are the most helpful to you? 
● Tell me about financial decisions in your life. Where would you make adjustments in 
your budgeting if you didn’t have access to SNAP?  
● What do you worry about most?  
● How do you think worry or stress affect you? 
 
 
